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ABSTRACT 


An  experimental  investigation  of  natural  convection  immersion 
cooling  of  two  configurations  of  discrete  heat  sources  in  an  enclosure 
filled  with  Fluorinert  FC-75  has  been  conducted.  A  three  by  three  array 
of  rectangular  protrusions  was  employed. 

In  the  first  study,  using  the  same  equipment  set-up  of  Benedict 
[Ref.  13].  the  influence  of  changing  the  enclosure  bottom  surface 
boundary  condition  on  flow  patterns  and  heat  transfer  characteristics 
was  examined.  Both  insulated  and  uniform  temperature  boundary  con¬ 
ditions  were  considered. 

In  the  second  set  of  experiments,  a  new  chamber  with  tne  pro¬ 
trusions  oriented  vertically  was  assembled  and  effects  of  component 
orientation  on  the  heat  transfer  characteristics  were  examined.  In 
addition,  timewise  variations  of  temperature  in  several  locations  were 
measured  and  interpreted  at  different  power  levels. 
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I.  INTRODUCTION 


A.  STATEMENT  OF  THE  PROBLEM 

With  the  increase  in  circuit  packaging  density  associated  with  the 
miniaturization  of  microelectronic  components,  heat  dissipation  has 
become  a  major  problem  in  the  design  and  construction  of  digital 
computers  and  high-power  electronic  equipment  in  general.  Several 
alternatives  to  the  solution  of  the  problem  have  been  studied  in  the 
past  10  years,  including  that  of  Chu  [Ref.  1],  Among  these,  immersion 
cooling  appears  to  be  one  of  the  most  effective  for  achieving  high  heat- 
transfer  coefficients. 

B.  IMMERSION  COOLING:  ANALYTICAL  AND  EXPERIMENTAL 

STUDIES 

From  the  construction  of  the  first  electronic  digital  computer,  the 
solution  to  the  problem  of  heat  dissipation  from  high  packaging  den¬ 
sity  electronic  equipment  has  not  been  easy.  Even  though  very’  inter¬ 
esting  forced  convection  methods  have  been  studied  and  very 
frequently  used  (Chu  [Ref.  1]  describes  several  methods  of  air-  and 
water-forced  convection  cooling),  the  hardware  that  has  to  be  added 
to  supply  the  additional  power  and  to  store  and  circulate  the  cooling 
liquid  can  be  cumbersome  in  any  application. 

The  direct  immersion  of  the  electronic  circuitry  into  dielectric 
liquids  improves  its  cooling  capability  significantly.  Baker  [Ref.  2] 
found  liquid  cooling  by  free  convection  to  be  more  than  three  times  as 


effective  as  free  convective  air  cooling  of  the  same  device.  He  made 
heat  transfer  measurements  from  thin-film  tantalum  nitride  resistors 
evaporated  on  Coming  7059  glass  substrates.  The  substrates  were  1.0 
by  2.6  by  0.12  cm.  All  resistors  were  rectangular,  with  their  height 
(dimension  parallel  to  the  flow)  one-half  their  base.  The  surface  areas 
of  the  resistors  were  0.0106.  0.104.  0.477.  and  2.00  cm2.  Two  liquids 
were  used  in  the  study:  freon  with  a  Prandtl  number  of  3.9,  and  Dow 
Corning  #200  silicone  dielectric  liquid  with  a  Prandtl  number  of  126. 
The  results  showed  that  the  heat  transfer  coefficient  is  approximately 
proportional  to  the  cube  root  of  the  reciprocal  of  viscosity.  It  was  also 
found  that  the  convection  coefficient  does  increase  significantly  as  the 
source  size  decreases.  The  free  convection  heat  transfer  coefficient  for 
the  smallest  source  was  more  than  an  order  of  magnitude  greater  than 
for  the  largest  source  operated  under  the  same  conditions. 

In  a  following  study.  Baker  [Ref.  3]  also  examined  different  cooling 
techniques,  such  as  nucleate  boiling,  forced  convection,  and  bubble- 
induced  mixing  for  cooling  small  heat  sources. 

Park  and  Bergles  [Ref.  4]  conducted  experimental  studies  of  natu¬ 
ral  convection  from  discrete  flush-mounted  rectangular  heat  sources 
on  a  circuit  board  substrate.  Micro-electronic  circuit  elements  were 
simulated  with  thin  foil  heaters  supplied  with  DC  powder.  Measure¬ 
ments  were  also  made  for  protruding  heaters  of  varying  widths,  in 
water  and  R-113.  They  found  and  documented  the  increase  in  heat 
transfer  coefficient  with  decreasing  width.  This  effect  was  greater  in 
R-113  than  in  wrater.  Also,  for  protruding  heaters,  the  heat  transfer 
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coefficients  for  the  upper  heaters  in  an  array  were  found  to  be  higher 
than  those  for  the  lower  heaters.  This  behavior  was  not  observed  for 
flush-mounted  heaters.  As  the  distance  between  heaters  increased,  so 
did  the  heat  transfer  coefficients. 

Chen,  et  al.  [Ref.  5]  made  an  experimental  study  of  natural 
convection  heat  transfer  in  a  liquid-filled  rectangular  enclosure  with 
10  protruding  heaters  from  one  vertical  wrall.  The  top  surface  of  the 
enclosure  maintained  at  a  uniform  temperature  acted  as  the  heat  sink. 
All  other  surfaces,  except  the  heater  locations,  were  unheated.  The 
enclosure  was  16.7  cm  in  height,  2.3  cm  in  width,  and  19.6  cm  in 
depth  (horizontal  z-direction  of  the  heaters).  The  10  heaters  were  0.8 
cm  high.  1.11  cm  wide,  and  19.6  cm  deep.  The  vertical  spacing 
between  heaters  was  equal  to  the  heater  height.  Distilled  water  and 
ethylene  glycol  were  used  as  working  fluids.  Experimental  results 
show  that  the  bottom  heater  (heater  1).  except  for  high  Rayleigh 
number  runs,  has  the  highest  heat  transfer  coefficient.  The  heat 
transfer  coefficients  at  heaters  7.  8.  and  9  are  nearly  the  same  and 
present  the  lowest  values  among  the  heaters.  It  was  also  shown  that 
heat  transfer  coefficient  decreases  up  to  heater  7.  At  high  Rayleigh 
numbers,  the  top  heater  (10)  has  the  highest  heat  transfer  coeffi¬ 
cients.  The  flow'  visualization  carried  out  indicates  a  core  flow  within 
the  enclosure  and  a  recirculating  cell  in  the  gap  between  heaters. 
Approximate  measurements  of  the  fluid  velocity  were  provided  from 
the  particle  traces  in  the  flow'  visualization. 
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Keyhani  er  al.  [Ref.  6]  experimentally  studied  the  buoyancy-driven 
flow  and  heat  transfer  in  a  vertical  cavity  with  discrete  Hush  heat 
sources  on  one  vertical  wall  while  the  other  vertical  wall  was  cooled  at 
a  constant  temperature.  This  enclosure  contained  11  alternatively 
unneateu  and  flush-mounted  rows  of  isoflux  heated  strips.  The  liquid 
was  ethvlene-glycol  with  a  Prandtl  number  of  150. 

To  examine  the  flow'  structure,  visualization  experiments  w'ere 
conducted  for  several  pow'er  inputs.  Finely  ground  aluminum  powder 
(5  to  20  microns  in  size)  wras  used  to  \isualize  the  flow.  The  observed 
flow  for  a  power  input  of  10  watts  was  highly  structured  except  for 
small  regions  near  the  end  walls.  A  primary  flow'  circulating  from  the 
hot  wall  to  the  cold  wall,  a  secondary'  flow'  with  the  same  sense  of  cir¬ 
culation  as  the  primary'  flow’,  and  a  tertiary'  flow'  in  the  opposite  direc¬ 
tion  of  the  secondary  flow  w'ere  observed  in  the  photographs  taken  at 
this  power  level.  At  a  higher  power  level  of  40  wratts,  the  flow'  pattern 
above  the  mid-height  region  of  the  cavity  showed  transition  from 
laminar  to  turbulent  flow  along  the  surface  with  heaters.  The  down- 
w'ard  flow'  along  the  cold  wall  was  still  laminar.  For  a  fixed  powrer 
input,  the  heat  transfer  coefficient  generally  decreased  with  increase 
in  height  (or  heater  number).  The  rate  at  which  Nusselt  number 
decreased  with  the  increase  in  heater  number  was  found  to  be  a 
strong  function  of  the  heater  location. 

Kelleher.  et  al.  [Ref.  7]  and  Lee.  et  al.  [Ref.  8}  studied  experimen¬ 
tally  and  numerically  the  cooling  by  natural  convection  of  a  water -filled 
rectangular  enclosure  with  a  long  heater  protruding  from  one  vertical 
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wall  and  conducted  flow  visualization  and  heat  transfer  measurements 
with  the  heater  at  three  different  elevations.  They  found  the  two- 
dimensional  flow  to  be  dual-celled,  consisting  of  a  buoyancy-driven 
upper  cell,  in  which  the  major  part  of  the  fluid  motion  takes  place  and 
which  accounts  for  the  majority  of  the  convective  heat  transfer,  and  a 
shear-driven  lower  cell  in  which  the  fluid  motion  arises  due  to  the 
viscous  drag  from  the  upper  cell. 

Liu.  et  al.  [Ref.  9]  used  a  three-dimensional  finite  difference 
method  to  study  the  natural  convection  cooling  of  an  array  of  chips 
mounted  on  a  vertical  wall  of  a  three-dimensional  rectangular  enclo¬ 
sure  filled  with  a  dielectric  fluid  Fluorinert  FC  75.  They  found  the  long 
time  solution  to  be  oscillatory.  Maximum  chip  temperatures  were 
found  on  the  top  surfaces  of  the  three  top  chips.  However,  these 
maximum  temperatures  did  not  all  occur  at  the  same  time,  but  alter¬ 
nated  among  these  three  chips  as  time  proceeded  in  a  rather  regular 
fashion.  It  wras  also  observed  that  the  bottom  sink  was  quite  ineffective 
in  removing  heat  from  the  enclosure  and  that  the  convective  circula¬ 
tion  was  essentially  limited  to  the  chip  areas. 

Joshi,  et  al.  [Ref.  10]  carried  out  an  experimental  investigation  to 
study  the  natural  convection  cooling  of  a  3  by  3  array  of  heated  protru¬ 
sions  in  a  rectangular  enclosure  filled  with  dielectric  fluid  FC-75.  They 
observed  that  at  low  powrer  levels  (0. 1  watts),  the  flow  structure  wras 
largely  determined  by  the  thermal  conditions  at  the  enclosure  sur¬ 
faces.  With  increasing  pourer  levels  (0.7  to  3.0  watts),  an  upward  flow* 
developed  adjacent  to  each  column  of  components.  The  flow  away 
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from  the  elements  became  strongly  three-dimensional  and  time- 
dependent  with  increasing  thermal  inputs.  Component  surface  tem¬ 
peratures  were  used  to  obtain  a  heat  transfer  correlation  over  the 
range  of  power  levels  examined. 

Liu.  et  al.  [Ref.  11]  carried  out  a  three-dimensional  numerical 
study  of  immersion  cooling  of  a  chip  array  by  laminar  natural  convec¬ 
tion  in  a  rectangular  enclosure  filled  with  a  dielectric  liquid.  They 
determined  the  local  temperature  responses  on  the  chip  surfaces, 
their  dynamic  behaviors,  and  their  dependence  on  the  enclosure  gap 
size.  It  was  found  that  the  temperature  responses  are  decidedly  oscil¬ 
latory  with  wave  forms  ranging  from  simple  to  complex,  and  that 
maximum  chip  surface  temperatures  occur  on  the  top  row  of  chips  for 
large  gap  sizes  but  oscillate  among  all  three  row’s  of  chips  for  small  gap 
sizes. 

C.  OBJECTIVES 

The  wTork  reported  here  is  a  continuation  of  thesis  research  con¬ 
ducted  at  the  Naval  Postgraduate  School  by  Pamuk  [Ref.  12]  and  Bene¬ 
dict  [Ref.  13].  The  numerical  studies  by  Liu.  et  al.  [Ref.  9]  and  Liu.  et  al. 
[Ref.  11]  wTere  the  motivation  for  some  of  the  specific  investigations 
carried  out. 

The  objectives  of  the  present  investigation  are  twrofold:  The  first  is 
to  examine  the  effect  of  bottom  surface  boundary  condition  on  thermal 
transport  in  the  natural  convection  cooling  of  a  3  by  3  array  of 
horizontally  arranged  protruding  elements  on  a  vertical  w^all.  The  sec¬ 
ond  objective  is  to  examine  heat  transfer,  fluid  flow  characteristics. 
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and  the  influence  of  the  width  of  the  cnamber  during  the  natural  con¬ 
vection  cooling  of  a  3  by  3  array  of  vertically  arranged  protruding  ele¬ 
ments  on  a  vertical  wall.  Temperature  fluctuation  measurements  were 
plotted  and  compared  with  existing  numerical  analysis  of  Liu.  et  al. 
[Refs.  9  and  11]  and  Benedict  [Ref.  13].  For  both  studies,  flow  visual¬ 
izations  were  also  carried  out. 
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II.  EXPERIMENTAL  SET-UP 


A.  GENERAL  CONSIDERATIONS 

Two  different  experimental  configurations  were  used  for  the 
studies  reported  here.  In  the  first,  a  3  by  3  array  of  rectangular  ele¬ 
ments  with  the  largest  dimension  aligned  horizontally  was  examined. 
In  the  second  study,  the  largest  dimensions  were  in  the  vertical 
direction.  The  two  experimental  configurations  are  next  described. 

The  details  of  the  experimental  procedures  are  available  in  Bene¬ 
dict  [Ref.  13].  The  Data  Acquisition  Programs  were  the  same  as  used  by 
Pamuk  [Ref.  12]  and  Benedict  [Ref.  13]  with  minor  modifications  in 
output  format  and  number  of  channels.  These  programs  are  collected 
in  Appendix  D. 

1.  Experimental  Set-Up  for  the  Horizontal  Arrangement 

A  schematic  sketch  of  the  arrangement  is  provided  in  Figure 
2.1  (after  Benedict  [Ref.  13]).  The  configuration  is  the  same  as  the  one 
used  by  Joshi,  et  al.  [Ref.  9]  and  Benedict  [Ref.  13].  The  distribution  of 
the  components  and  the  top  view-  of  the  chamber  are  illustrated  in 
Figures  2.2  and  2.3  (both  after  Benedict  [Ref.  13]). 

This  part  of  the  thesis  examines  the  effect  of  changing  the 
enclosure  bottom  surface  boundary  condition  on  the  overall  thermal 
behavior  of  the  system.  A  more  detailed  description  of  the  experimen¬ 
tal  arrangement  can  be  found  in  Benedict  [Ref.  13]. 
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Figure  2.1  Schematic  of  Entire  Assembly 


144  mm 
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Figure  2.2  Simulated  Circuit  Card  for  the  Horizontal  Arrangement 


Figure  2.3  Top  View  of  Horizontally  Arranged  Components  Chamber 


2.  Experimental  Set-Up  for  the  Vertical  Arrangement 

The  chamber  assembly,  illustrated  in  Figure  2.4  was  made  of 
19.05  mm  plexiglass  with  dimensions  of  241.13  mm  length.  152.0  mm 
height,  and  120.65  mm  width.  As  in  the  first  arrangement,  the  cham¬ 
ber  was  filled  with  FC-75,  a  dielectric  fluid  through  tubing  at  the 
bottom  of  the  chamber. 

In  both  experimental  configurations.  twTo  heat  exchangers, 
one  at  the  top  and  one  at  the  bottom.  w-ere  used  (see  Figure  2.1).  The 
design  of  the  exchangers  for  the  first  configuration  is  described  in 
Joshi,  et  al.  [Ref.  10].  In  the  second  study,  several  modifications  were 
made  to  reduce  the  heat  transfer  from  the  outside  environment  to  the 
colder  circulating  w-ater.  The  resulting  design  is  seen  in  Figure  2.5, 
The  external  w-alls  of  both  top  and  bottom  heat  exchangers  were  made 
of  plexiglass.  The  w-alls  acting  as  the  top  and  bottom  of  the  fluid-filled 
enclosure  were  aluminum  plates  3  mm  thick,  chosen  to  provide  an 
almost  isothermal  surface  condition.  Inlet  and  outlet  headers  were 
provided  for  flow'  distribution.  Three  thermocouples,  symmetrically 
placed  along  the  plate  length,  were  used  for  the  calculation  of  the 
average  surface  temperatures.  The  heat  exchangers  could  be  accessed 
easily  to  block  one  or  more  of  the  channels  to  reduce  the  coolant  flow¬ 
rates. 

A  3  by  3  array  of  discrete  protrusions,  vertically  arranged  (see 
Figure  2.6).  w-as  mounted  on  a  19.05  mm  thick  plexiglass  card.  The 
card  w-as  slid  into  the  chamber  and  was  kept  in  location  by  plexiglass 
supports  that  prevented  its  linear  movement  as  well  as  rotation. 
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Chamber  Assembly  for  the  Vertical  Arrangement 


PLEXIGLASS 

casing  — 


6,35mm  i58mm 


3  17  mm 


Figure  2.5  Heat  Exchangers 

(a)  Cross-Sectional  View;  (b)  Isometric  View; 
(c)  Inlet  and  Outlet  Headers 


2.6  Simulated  Circuit  Card  for  the  Vertical  Arrangement 


The  chamber  design  allowed  the  replacement  of  the  card  in  a 
simple  way.  The  upper  heat  exchanger  could  be  removed  and  the  new 
card  could  be  easily  installed.  This  permits  the  installation  of  different 
card  configurations  (staggered,  flush  mourned,  etc.)  in  the  future 
without  much  additional  effort.  By  moving  the  card  back  or  forth,  the 
chamber  width  could  be  changed.  This  was  done  in  order  to  study  the 
effect  of  this  parameter  in  the  overall  heat  transfer. 

The  heated  components  in  both  studies  were  aluminum 
blocks  of  8  mm  by  24  mm  and  6  mm  high  (see  Figure  2.7— after 
Benedict  [Ref.  13]).  The  dimensions  and  geometry  simulate  approxi¬ 
mately  a  20-pin  dual-in-line-package.  A  nearly  uniform  heat  dux  con¬ 
dition  was  maintained  at  the  base  of  each  block  by  attaching  a  foil- type 
heater  with  a  resistance  of  about  1 1  ohms.  The  foil  heaters  contained  a 
network  of  Iconel  foil  mounted  on  a  Kapton  backing  and  were 
23.6  mm  by  7.6  mm  in  dimension  and  were  bonded  to  the  base  of  each 
aluminum  block  using  a  high  thermal  conductivity  epoxy  (Omega  Bond 
101). 

Temperatures  at  the  center  of  each  fluid  exposed  component 
face  were  determined  using  ,127  mm  diameter  copper-constantan 
thermocouples.  Thermocouple  locations  on  each  heater  are  illustrated 
in  Figure  2.7. 

All  the  thermocouples  were  connected  to  an  HP-3497  auto¬ 
matic  data  acquisition  system  controlled  by  an  HP-9826  microcom¬ 
puter.  Power  to  the  heaters  was  supplied  by  a  0-40  volt.  0-1A  DC 
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all  dimensions  in  millimeters 


Figure  2.^  Heating  Element  and  Thermocouple  Location 


power  supply.  A  simultaneous  measurement  of  the  overall  voltage  drop, 
along  with  the  voltage  drop  across  each  heater,  allowed  the  computa¬ 
tion  of  the  power  dissipation  through  individual  heaters. 

Flow  visualization  was  carried  out  with  a  4  mw  Helium-Neon 
laser  for  illumination.  To  produce  a  plane  of  light,  a  cylindrical  lens 
was  used  (see  Figure  2.8— after  Benedict  [Ref.  13]).  The  laser  sheet 
illuminated  magnesium  particles  (specific  gravity  of  1.74)  that  were 
added  to  the  FC-75  (specific  gravity  of  1.76  at  25°  C).  This  technique 
allowed  for  the  visualization  of  a  single  two-dimensional  plane  of  the 
flow  field.  Time  exposure  photographs  of  the  flow  were  obtained  using 
a  Nikon  F-3  camera  with  a  50  mm  lens,  a  MD-4  motor  drive,  and  a 
MT-2  intervalometer. 
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e  2.8  Flow  Visualization  Set-Up 
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III.  RESULTS  AND  DISCUSSIONS 
FOR  HORIZONTAL  ARRANGEMENT 

A.  FLOW  PATTERNS 

Flow  visualization  was  carried  out  in  six  vertical  planes,  seen  in 
Figure  3.1  (after  Benedict  [Ref.  13],  for  the  two  different  bottom 
boundary  conditions:  20°  C  and  insulated.  The  three-dimensional 
transport  responses,  across  the  range  of  power  dissipation  of  0.1  W  to 
3.0  W,  were  inferred  from  these  visualizations.  In  the  following,  a 
detailed  description  of  the  observed  flows  is  provided. 

1.  Flow  Patterns  for  the  Bottom  Boundary  at  20°  C 

The  flow  patterns  observed  at  several  power  dissipation  levels 
from  no  dissipation  to  3.0  W  are  collected  in  Figures  3.2  to  3.7.  Visu¬ 
alization  with  no  powder  (see  Figures  3.2  and  3.3)  was  to  examine  the 
natural  convection  flow  due  only  to  the  difference  in  temperature 
between  the  tw*o  heat  exchangers,  and  its  possible  influence  on  the 
flow*  patterns,  with  the  heaters  turned  on. 

At  no  powrer,  the  flow  consisted  of  a  single  clockwise  cell  that 
occupied  the  entire  chamber.  This  overall  flow  was  established  as  a 
result  of  the  temperature  differences  between  the  enclosure  wralls. 
The  three-dimensionality  of  the  flow  wras  evident  from  visualizations  in 
the  various  planes. 

At  0.1  W,  the  pattern  observed  at  no  powrer  in  Figures  3.2  and 
3.3  w*as  completely  distorted  and  no  remains  of  the  strong  clockwise 
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Figure  3.2  Visualization  With  No  Power 
in  Planes  1  (a),  2  (b),  and  3  (c) 
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Figure  3.3  Visualization  With  No  Power  in  Planes  4  (a),  5  (b),  and  6  (c) 


Figure  3.4  Visualization  with  1.1  W 
in  Planes  1  (a),  2  (b),  and  3  (c) 
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Figure  3.5  Visualization  With  1.1  W  In  Planes  4  (a),  5  (b),  and  6  (c) 


Figure  3.6  Visualization  with  3.0  W 
in  Planes  1  (a),  2  (b),  and  3  (c) 
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Figure  3.7  Visualization  With  3.0  W  in  Planes  4  (a),  5  (b),  and  6  (c) 


flow  were  seen.  Joshi.  et  al.  [Ref.  10]  at  the  same  power  level  reported 
two  very  well  defined  large  clockwise  cells,  one  on  each  side  of  the 
central  component  column.  The  present  visualization  showed  that  the 
flow  now  was  completely  dominated  by  the  relatively  high  temperature 
of  the  bottom  heat  exchanger.  The  effects  of  the  buoyancy  forces  due 
to  the  power  dissipation  were  small  except  in  plane  1  (close  to  the 
heaters),  where  there  was  a  well  defined  upflow. 

In  plane  2.  the  particle  traces  showed  a  decrease  in  velocity. 
Also,  dark  regions,  as  observed  in  Joshi.  et  al.  [Ref.  10],  were  seen. 
These  were,  however,  thinner  and  not  well  defined.  These  nearly  qui¬ 
escent  regions  appear  due  to  the  stable  stratification  produced  bv  the 
bottom  heat  exchanger.  Descending  fluid  from  the  top  is  unable  to 
penetrate  the  colder  layer  of  fluid  at  the  bottom.  In  plane  3.  a  down¬ 
flow  resulted  due  to  an  increase  in  the  density  of  the  colder  fluid,  in 
contact  with  the  upper  heat  exchanger,  at  10°  C. 

At  1.1  W  (see  Figure  3.4).  a  well  defined  pattern  could  be 
observed  in  planes  1  and  2.  Along  the  central  column  of  heaters,  the 
upflow  was  wider  and  stronger  than  near  the  adjacent  columns.  This 
flow  was  the  result  of  the  interaction  of  an  upflow  along  the  central 
column,  a  clockwise  flow  around  the  right  column  (heaters  1,  2,  and 
3).  and  a  counterclockwise  flow  around  the  left  column  (heaters  7.  8. 
and  9).  In  plane  3.  a  downflow  of  cold  liquid  was  seen.  In  Figure  3.5. 
flow'  patterns  at  1.1  W  in  planes  4,  5,  and  6  are  illustrated.  It  is  possi¬ 
ble  in  these  pictures  to  appreciate  in  a  side  viewr  the  strong  upflow 
adjacent  to  the  components.  The  basic  difference  with  the  flow 
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pattern  found  in  the  study  by  Joshi,  et  al.  [Ref.  10]  at  the  same  power 
level  is  still  that  the  inactive  zone  in  the  bottom  of  the  chamber  is  not 
well  defined. 

With  further  increase  in  the  power  level,  the  flow  in  plane  1 
exhibited  stronger  upflow  near  the  components.  The  buoyancy  forces 
generated  by  the  power  dissipation  here  were  strong  enough  to 
extend  their  influence  to  planes  2  and  3.  At  3.0  W,  a  very  thin,  dark 
layer  was  still  observed  at  the  bottom  of  the  chamber  (see  Figure  3.6). 
A  view  of  the  flow  patterns  in  planes  4.  5.  and  6  is  illustrated  in  Figure 
3.7.  This  figure  shows  a  buoyant  fluid  layer  adjacent  to  the  compo¬ 
nents.  In  the  remaining  chamber,  the  motion  was  completely  random. 

2.  Flow  Pattern  With  the  Bottom  Boundary  Insulated 

The  flow  pattern  for  this  condition  showed  similar  trends  as 
discussed  in  section  A.l.  The  induced  flow  due  to  the  difference  in 
temperature  between  the  two  heat  exchangers  was  not  appreciable. 

B.  HEAT  TRANSFER  MEASUREMENTS 

Heat  transfer  measurements  were  made  at  power  levels  of  0.1, 
0.7,  1.1,  1.5,  and  3.0  watts  for  the  two  bottom  surface  boundary  condi¬ 
tions.  The  temperature  at  the  top  heat  exchanger  was  maintained 
constant  at  10°  C  in  all  experiments.  Temperature  and  flux-based 
Rayleigh  numbers  (Rat  and  Raf)  were  calculated  in  a  manner  identical 
to  that  discussed  in  Joshi,  et  al.  (Ref.  10]  and  plotted  versus  Nusselt 
number  (Nul).  These  are  defined  in  the  Table  of  Symbols  and 
Abbreviations. 
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1.  Heat  Transfer  Measurements  With  the  Bottom  Boundary 

at  20  C 

Component  surface  temperature  measurements  at  various 
power  levels  are  collected  in  Tables  1  through  8  in  Appendix  C.  The 
nondimensional  heat  transfer  parameters  in  the  form  of  Nusselt  versus 
Ravleigh  numbers  are  illustrated  in  Figures  3.8  and  3.9.  In  the  same 
plots,  the  correlations  found  by  Joshi.  et  al.  [Ref.  10]  were  also  plotted. 

We  can  see  that  having  the  bottom  heat  exchanger  at  20°  C 
results  in  general  in  lower  Nusselt  numbers  than  those  found  by  Joshi. 
et  al.  [Ref.  10]  in  the  range  of  Rayleigh  numbers  considered.  At  higher 
power  levels,  when  the  temperature  of  the  heaters  was  considerably 
higher  than  the  bulk  temperature  of  the  dielectric  fluid,  the  difference 
in  Nusselt  numbers  is  smaller  than  at  lower  power  levels.  The  Nusselt 
number  at  a  flux-based  Rayleigh  number  of  106  found  by  Joshi.  et  al. 
[Ref.  10J  was  20.4.  while  the  Nusselt  number  obtained  here  for  the 
same  Rayleigh  number  was  19.  At  lower  power  levels  0.1  W  and  0.7  W. 
the  differences  in  Nusselt  number  were  greater,  and  the  decrease  in 
the  heat  transfer  coefficient  was  significant.  The  Nusselt  number  found 
by  Joshi.  et  al.  [Ref.  10]  was  10.5  at  a  flux-based  Rayleigh  number  of 
106.  while  the  Nusselt  obtained  with  the  present  configuration  was 
2.9. 

At  power  levels  of  0. 1  W  and  0.7  W.  a  small  increase  in  the 
upper  heaters'  temperatures  over  the  lower  ones  was  observed.  At 
higher  power  levels,  the  highest  temperatures  were  found  irregularly 
in  different  components. 
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The  component  that  presented  the  largest  variations  from 
the  mean  in  the  heat  transfer  coefficients  was  the  upper  component  in 
the  central  column  (heater  6).  This  is  evidenced  as  deviations  from 
tne  general  trend  of  the  obtained  data.  The  variations  (lower  heat 
transfer  coefficient  at  low  power  levels,  and  higher  heat  transfer  coef¬ 
ficients  at  higher  power  levels)  are  expected  because  this  component 
receives  the  influence  of  the  combined  upflowing  streams  (produced 
by  the  other  heaters),  as  was  observed  and  documented  in  the  flow 
visualization  results  in  Section  A.  1 .  The  effect  is  greater  at  higher 
power  levels  when  the  component’s  temperature  is  substantially  larger 
than  the  bottom  heat  exchanger  temperature. 

2.  Heat  Transfer  Measurements  With  the  Bottom  Boundary 

Insulated 

The  results  of  the  temperature  measurements  with  the  bot¬ 
tom  boundary  insulated  and  the  reduced  dimensionless  parameters 
are  collected  in  Tables  9  through  16  in  Appendix  C.  In  Figures  3.10 
and  3.11.  flux  and  temperature  Rayleigh  numbers  versus  Nusselt  num¬ 
bers  were  plotted.  Correlations  found  by  Joshi,  et  al.  [Ref.  10]  were 
also  plotted  for  comparison.  It  was  seen  that  having  the  bottom  heat 
exchanger  insulated  improved  the  cooling  at  low  power  levels  (0.1  \Y 
and  0.7  W)  over  that  obtained  with  the  bottom  boundary  maintained  at 
20°  C.  This  result  is  expected  because  now  the  temperature  of  the 
bottom  boundary  was  15c  C  at  0.1  W  and  17°  C  at  0.7  W.  At  a  power 
level  of  3.0  W,  no  cooling  improvement  was  observed.  The  tempera¬ 
ture  for  the  bottom  boundary  at  3.0  W  was  22°  C. 
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Figure  3. 10  Plot  of  Flux-Based  Rayleigh  Number  Versus  Nusselt  Number 


Comparisons  with  the  correlation  obtained  by  Joshi,  et  al. 
[Ref.  10]  show  a  decrease  in  the  heat  transfer  coefficient  when  the 
lower  boundary  was  insulated.  This  was  evidenced  by  the  lower  Nusselt 
numbers  at  all  power  levels. 
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rv.  RESULTS  AND  DISCUSSIONS  FOR  VERTICAL  ARRANGEMENT 


A.  FLOW  VISUALIZATION 

The  visualization  for  this  experiment  was  tried  for  a  chamber 
width  of  9  mm.  As  was  expected,  there  was  almost  no  flow  in  the  nar¬ 
row  gap  between  components  and  the  front  wall.  A  boundary  layer-like 
behavior  was  observed  on  the  vertical  side  faces  of  the  components. 
The  photography  process  was  complicated  because  the  thickness  of 
the  plane  to  be  illuminated  by  the  laser  sheet  for  this  chamber  width 
was  only  3  mm. 

B.  HEAT  TRANSFER  MEASUREMENTS 

Component  surface  temperature  measurements  wrere  made  for 
chamber  widths  of  30  mm  and  9  mm  (see  Figure  4.1).  The  powrer  level 
range  was  0.1  W  to  3.0  W.  Temperatures  of  the  top  and  bottom  bound¬ 
aries  were  maintained  constant  at  10:  C.  Plots  of  Nul  versus  Raj-  are 
provided  for  comparisons  with  data  obtained  by  Benedict  [Ref.  13]. 

1.  Heat  Transfer  Measurement  for  w  =  30  mm 

Tables  17  through  28  in  Appendix  C  compile  component 
surface  temperature  and  resulting  nondimensional  heat  transfer  data 
for  this  gap  size  with  increasing  powrer  levels.  The  mean  values  of  the 
component  averaged  temperatures  over  the  nine  heated  components 
W'ere  13°  C  for  0.1  W  and  47°  C  for  3.0  W.  In  the  range  0.1  W  to  1.1  W, 
the  lowest  Tavg  levels  were  on  the  bottom-rowr  components 
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Figure  4.1  Side  View  Showing  the  Chamber  Widths 
Used  in  the  Experiment 


(components  1.  4.  and  7).  The  observed  tendency  was  that  tempera¬ 
tures  on  specific  locations  on  the  components  in  the  top  row  were 
higher  than  those  in  the  same  location  on  the  components  in  lower 
rows.  As  was  pointed  out  by  Liu.  et  al.  [Ref.  11],  the  possible  reason  for 
this  might  be  that  components  in  the  top  row  are  in  contact  with 
warmer  liquid,  and  the  upper-row  components  are  located  in  the 
heated  wake  regions  of  the  lower  rows.  Additionally,  the  stratified  fluid 
away  from  the  components,  which  feeds  fluid  toward  the  component 
rows,  is  also  at  higher  temperature  for  the  upper  rows. 

Analyzing  individual  components  in  the  middle  and  lower 
rows,  for  all  power  levels,  the  minimum  measured  temperatures  were 
on  the  bottom  surfaces.  This  trend  is  also  supported  by  Liu.  et  al. 
[Ref.  9].  On  the  top  row  components,  the  lowest  temperatures  were  on 
either  one  of  the  vertical  side  faces.  Maximum  temperatures  were 
found  generally  on  the  component  surface  facing  the  front  chamber 
wall.  Liu.  et  al.  [Ref.  11]  obtained  numerically  maximum  temperatures 
in  the  surfaces  facing  upward  and  attributed  this  to  the  fact  that  the 
heated  flow  coming  off  the  vertical  surfaces  reduced  the  heat  transfer 
coefficient  at  the  component  top  surface.  At  higher  power  levels, 
oscillations  in  temperature  changed  the  locations  of  the  maximum  and 
minimum  instantaneous  values,  but  the  general  tendencies  found  ear¬ 
lier  were  still  noticed. 

In  Figure  4.2,  a  plot  of  Nul  versus  Raf  is  seen.  Data  obtained 
from  Benedict  [Ref.  13]  is  also  plotted.  A  linear  least  squares  fit  to  the 
present  measurements  in  Figure  4.2  was  performed.  This  is  given  by: 
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in  the  range  3  *  10s  <  Raf  <  1010 


o  23 

Nul  =  0.28  Raf' 

and  15  <  Pr  <  30.2  (4.1) 

and  the  one  obtained  with  the  data  from  Benedict  [Ref.  13]  was: 

0  22 

Nul  =  0.28  Raf'  in  the  range  107  <  Raf  <  2  *  108 

and  15  <  Pr  <  30.2  (4.2) 

Comparisons  between  Equations  4.1  and  4.2  indicate  that  Nu 
appears  not  to  depend  on  the  orientation  of  the  components  in  the 
range  of  Raf  and  Pr  considered.  This  is  illustrated  in  Figure  4.2 
2.  Heat  Transfer  Measurement  for  w  =  9  mm 

In  Tables  29  through  40  in  Appendix  C,  component  tempera¬ 
tures  and  resulting  nondimensional  heat  transfer  data  are  compiled. 
Decreasing  the  chamber  width  from  30  mm  to  9  mm  produced  some 
increase  in  the  average  temperature  of  the  components  Tavg.  This 
behavior  was  expected  considering  that  now  the  surface  of  both  top 
and  bottom  heat  exchangers  has  been  reduced  to  30  percent  of  its 
former  value.  The  mean  value  of  the  component  averaged  tempera¬ 
tures  over  the  nine  heaters  for  a  power  of  0.1  W  wras  14.5°  C,  1.5°  C 
higher  than  the  average  temperature  obtained  with  30  mm  width.  For 
a  dissipation  level  of  3.0  W,  the  mean  value  of  the  components'  aver¬ 
aged  temperature  over  the  nine  heaters  was  51°  C,  4.0°  C  higher  than 
the  average  observed  for  the  30  mm  width.  The  Tavg  value  increased 
from  the  bottom  to  the  top  row,  as  was  also  found  for  w^  =  30  mm. 
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Analyzing  individual  components  on  the  bottom  row  (components  1,  4, 
and  7).  minimum  temperatures  were  found  on  the  bottom  surfaces. 

Plots  of  Nul  versus  Raf  are  illustrated  in  Figure  4.3.  The  cor¬ 
relation  obtained  for  this  chamber  width  was: 

0 

Nul  =  0.073  Raf  in  the  range  3  *  108  <  Raf  <  1010 

and  15  <  Pr  <  30.2  (4.3) 

This  correlation  indicates  the  expected  decrease  in  Nul  for 
the  same  Raf,  when  compared  with  Equation  4.1  for  wr  =  30  mm. 

C.  TEMPERATURE  FLUCTUATIONS  IN  STEADY  STATE 

Oscillations  in  component  surface  temperatures  following 
achievement  of  nominally  steady  conditions  w^ere  measured  in  the  dis¬ 
sipation  range  of  0.1  W  to  3.0  W.  Three  thermocouples  were  scanned 
at  a  rate  of  approximately  three  times  per  second  for  a  period  of  200 
seconds.  Plots  of  surface  temperature  variations  wrere  made  in  order  to 
display  the  long-time  temperature  fluctuations  and  compare  with 
results  of  Liu.  et  al.  [Ref.  1 1]  and  Benedict  [Ref.  13].  Figure  4.4  is  a  ver¬ 
tical  arrangement  diagram  winch  portrays  the  location  of  the  scanned 
thermocouples. 

1.  Surface  Temperature  Fluctuations  for  a  w  =  30  mm 

Temperature  oscillations  for  this  chamber  width  are  illus¬ 
trated  in  Figures  4.5  through  4.7.  It  was  observed  that  at  all  power 
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3 


Figure  4.3  Plot  of  Nul  vs.  Ra  ffor  a  Chamber  Width  =  9  mm 


203.2 
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Figure  4.4  Location  of  Thermocouples  Scanned  for  Measurements  of  Fluctuations 
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Figure  4.5  Temperature  Fluctuations  for 
Thermocouple  No.  0  at  Different  Power  Levels 
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Figure  4.7  Temperature  Fluctuations  for 
Thermocouple  No.  31  at  Different  Power  Levels 
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levels  considered,  there  were  no  temperature  fluctuations  on  the 
components  in  the  lower  row.  Benedict  [Ref.  13]  documented  with 
heat  transfer  measurement  and  flow  visualizations  that  the  stagnant 
fluid  layer  above  the  bottom  heat  exchanger  prevented  the  penetration 
of  warmer  fluid,  resulting  in  conduction-dominated  transport  for  the 
bottom  row  of  components. 

At  0.1  W.  a  spread  in  temperature  of  less  than  0.5°  C  was 
observed  between  the  six  thermocouples  that  were  scanned.  Increas¬ 
ing  the  power  level  to  0.7  W,  oscillation  amplitudes  with  a  mean  of 
0.7:  C  were  observed  in  component  6.  At  1.1  W.  the  amplitude 
increased  to  0.8C  C.  Benedict  [Ref.  13]  found  that  a  component  at  the 
same  relative  location  and  power  level  in  a  horizontal  arrangement  had 
almost  no  oscillations.  At  2.5  W,  oscillations  of  about  1.6C  C  were  found. 
At  3.0  W,  oscillations  rose  to  almost  1.7°  C  at  the  same  location.  Bene¬ 
dict  [Ref.  13]  found  at  3.1  W  for  the  equivalent  thermocouple  an 
amplitude  of  0.85:  C. 

2.  Surface  Temperature  Fluctuations  for  w  =  9  mm 

Plots  of  temperature  oscillations  are  illustrated  in  Figures  4.8 
through  4.10.  At  0.1  W,  no  fluctuations  were  found  in  any  of  the  ther¬ 
mocouples  scanned.  At  0.4  W.  fluctuations  of  0.3:  C  were  observed  in 
the  top  row  components.  No  fluctuations  were  observed  in  the  middle 
and  bottom  row  components. 

Increasing  the  power  dissipation  level  to  0.7  W,  no  fluctua¬ 
tions  were  observed  in  either  the  middle  or  the  bottom  rows,  but 
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Figure  4.8  Temperature  Fluctuations  for 
Thermocouple  No.  0  at  Different  Power  Levels 
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Figure  4.9  Temperature  Fluctuations  for 
Thermocouple  No.  12  at  Different  Power  Levels 
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Figure  4.10  Temperature  Fluctuations  for 
Thermocouple  No.  31  at  Different  Power  Levels 


fluctuations  of  0.7'  C  were  observed  in  the  top  row.  At  1.1  W.  fluctua¬ 
tions  in  the  top-row  components  were  about  0.9°  C.  No  fluctuations 
were  observed  at  the  middle  and  bottom  rows.  At  1.5  W.  fluctuations  of 
0.2'  C  appeared  in  the  components  in  the  middle  row  and  reached 
values  of  1.1°  C  in  the  top-row  components.  At  3.0  W,  the  highest 
power  level  utilized  in  the  experiments,  fluctuation  amplitudes  on  the 
top-row  components  were  recorded  at  2.0°  C.  It  is  interesting  to  note 
that  no  significant  increase  in  the  amplitude  of  the  fluctuations  was 
observed  when  the  chamber  width  was  changed  from  30  mm  to  9  mm. 
Liu,  et  al.  [Ref.  11]  calculated  temperature  oscillations  peak  to  valley  of 
8°  C  for  the  9  mm  chamber  width.  They  attributed  the  increase  in  the 
oscillation  amplitude  to  the  fact  that  now  the  flow  is  highly  confined. 
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V.  RECOMMENDATIONS 


The  design  of  the  present  chamber  can  be  improved  in  many  ways 
to  give  more  versatility  in  the  following  experiments.  The  rec¬ 
ommended  changes  that  can  be  made  to  software  and  hardware 
include: 

•  Placement  of  the  blocks  can  be  done  by  screwing  or  attaching 
them  to  the  board  in  a  different  way  to  the  one  used  until  now. 
which  is  bonding  the  chips  to  the  board  with  glue.  This  would 
allow  the  experimenter  to  change  a  defective  heater  or  change 
the  orientation  of  the  chips  for  a  different  set  of  experiments, 
using  the  same  board  and  the  same  equipment  set-up. 

•  To  avoid  the  flow  of  dielectric  liquid  to  the  back  of  the  chamber 
through  the  gaps  between  the  board  and  the  chamber  walls  that 
can  alter  the  heat  transfer  results  or  the  flow  visualization,  a  small 
diameter  O-ring  can  be  used.  A  groove  should  be  engraved  in  the 
board  to  allow  the  O-ring  installation. 

•  Temperature  measurements  within  the  fluid  and  on  the  board 
surfaces  should  also  be  performed. 

•  a  Fast  Fourier  Transform  algorithm  should  be  developed  to  per¬ 
form  frequency  analysis  on  the  surface  temperature  fluctuations 
data.  In  addition,  improvements  in  the  plotting  programs  can  be 
made. 

•  With  the  present  set-up.  different  combinations  of  heaters  could 
be  powered,  row-wise  or  column-wise  or  staggered,  instead  of  the 
entire  array.  This  variation  might  help  better  to  explain  the  heat 
transfer  and  flow  characteristics  of  the  chamber. 


53 


APPENDIX  A 


SAMPLE  CALCULATIONS 

A.  CONVERSION  OF  THERMOCOUPLE  VOLTAGES  TO 
TEMPERATURES 

(Channels  0  to  60  and  71  to  76,  in  the  data  acquisition  system) 

T  =  D1  +  D2  *  Emf  +  D3  *  Emf2  +  D4  *  Emf6  +  D5  *  Emf4 
+  D6  *  Emf5+  D7  *  Emf6  +  D8  *  Emf7 

where  D1  to  D9  are  the  calibration  coefficients  of  the  Omega  thermo¬ 
couples  and  are:  0.10086091,  25727.9,  -767345.8,  7802-5596. 
-9247486589.  6.98E11,  -2.66E13.  and  3.94E14. 

Calculating  the  temperature  found  in  the  thermocouple  connected 
to  channel  0  at  1.1  W  gives: 

Emf  =  0.995E-3  V 
T  =  24.48°  C 

B.  CALCULATION  OF  HEATER  POWER 

Channels  61  to  70  in  the  data  acquisition  system  are  used  to  mea¬ 
sure  the  supply  voltage  (61)  and  voltage  to  the  heaters. 

Power  =  Emf  *  (Volt  -  Emf)/Rp 
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Calculating  the  power  dissipated  by  the  heater  #3: 

Power  =  3.408  *  (4.085  -  3.408)/2.07 
Power  =  1.114  W 

C.  CALCULATION  OF  THE  DIMENSIONLESS  PARAMETERS 
1.  Calculation  of  the  Block  Faces  Areas 

Dimensions  of  the  aluminum  blocks  are:  length  24  mm,  width 
8  mm.  and  thickness  6  mm. 

Acen  =  24  mm  *  8  mm  =  192  mm2  =  1.92E-4  m2 
Aief  =  24  mm  *  6  mm  =144  mm2  =  1.44E-4  m2 
Arig  =  24  mm  *  6  mm  =  144  mm2  =  1.44E-4  m2 
Atop  =  6  mm  *  8  mm  =  48  mm2  =  4.8E-5  m2 
Abot  =  6  mm  *  8  mm  =  48  mm2  =  4.8E-5  m2 
Atot  =  SA  =  576  mm2  =  5.76E-4  m2 
T avg  =  £(T(I)  *  A(I))/Atot 

Calculating  for  component  3  at  1.1  W: 

Tavg  =  (27.67  *  1.92E-4  +  25.73  *  4.8E-5  +  26.08 
*  1.44E-4  +  26.69  *  4.8E5)  /5.76E-4 

Tavg  =  26.63°  C 
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2.  Calculation  of  the  Temperatures  at  the  Back  of  the 

Components 

Due  to  problems  in  the  placement  of  the  thermocouples  that 
measure  the  temperature  at  the  heaters,  these  temperatures  were 
calculated  with  a  calibration  curve  for  w  =  30  mm  from  data  obtained 
in  Benedict  (Ref.  13].  This  calibration  cannot  be  applied  to  the  case 
where  the  width  of  the  chamber  is  very  small.  In  such  a  case,  u'hen 
w  =  9  mm.  a  one-dimensional  conduction  analysis  w-as  applied  to  find 
the  back  temperature. 

The  best  fit  for  the  calibration  points  was: 

T(K)  =  14.003957  *  Powder  +  14.517501 


So.  for  1.1  W. 


T  =  29.92=  C 

3.  To  Calculate  the  Conduction  Losses  Through  the  Circuit 
Card 

Qloss  =  AT/Rc  =  1/N  X(T(I)  -  Tb(J))/Rc 
Rc  =  L/kA 

Rc  =  19.5E-3/(0. 195  *  8E-3  *  24E-3)  =  520.83  K/W 
L  =  19.5E-3  m 

k  =  0.195  W/m.K  (plexiglass  conductivity  [Ref.  14]) 

A  =  (24E-3  *  8E-3)  m2  =  1.92E-4  m2 
Qloss  =  (29.92  -  17.3D/520.83 
=  0.024  W 
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4.  To  Find  the  Average  Sink  Temperature 


Channels  58,  59,  and  60  in  the  bottom  heat  exchanger  and 
channels  61.  72.  and  73  in  the  top  heat  exchanger. 

Tsink  =  1/N  (— T^c  +  ^-Tbc) 

Tsink  =  (10.05  +  10.1  +  10.02  +  10.11  +  10.12  +  10.13J/6 
Tsink  =  10.08°  C 

To  find  the  net  power  dissipated  by  the  heater.  Qnen 

Qnet  =  Power  -  Qioss 
For  1.1  \V  and  component  3: 

Qnel  =  (1.1  -  0.024)  W 
=  1.076  W 

To  find  the  convection  coefficient  h  (from  Newton's  law  of  cooling): 

Qnet  =  h  *  Atot  *  AT 
AT  =  Tavft  -  TSjnk 
AT  =  (26.63  -  10.08)°  C 
T  =  16.55°  C 
h  =  Qnet  /(Atot  *  AT) 

5.  For  1.1  W  and  Component  3 


h  =  1.09  /(16.55  *  5.76E-4) 
h  =  1 14.342  W/m2  K 
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6.  To  Calculate  the  Thermal  Conductivity  of  the  FC-75 

k  =  (0.65  -  7.8947E-4  *  Tfiim)/10 

where  Tfiini  =  (Tavg  +  Tsink)/2. 

At  1.1  W  and  chip  3: 

Tfiim  =  (26.63  +  10.08)°  C/2 
Tfiim  =  18.35=  C 
k  =  0.0645  W/m  K 

7.  To  Calculate  the  Vertical  Length  Based  Nusselt  Number, 
Nul 

Nul  =  h  *  LI /k 

Nul  =  114.342  *  24E-3/0.0645 
Nul  =  42.54 

8.  To  Calculate  the  Ratio  Area/Perimeter  Based  Nusselt 
Number,  Nu2 

L2  =  I(A(i)/P(i)) 

L2  =  (24  *  8)/64  +  (2  *  8  *  6)/(2  *  14)  +  (2  *  24  *  6)/(2  *  60) 
L2  =  1 1.229E-3  m 
L2  =  19.905 
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9.  To  Calculate  the  Density  of  the  FC-75,  p  (Kg/m3) 

P  =  (1.825  -  0.00246  *  Tfilm)  *  1000 
p  =  1779.86  Kg/m3 

10.  To  Calculate  the  FC-75  Specific  Heat,  Cp  (J/Kg  K) 

Cp  =  (.241111  +  3.7037E-4  *  TfUm)  *  4180 
Cp  =  1036.25  J/Kg  K 

11.  To  Calculate  the  FC-75  Viscosity,  v(m2/s) 

v  =  (1.4074  -  2.964E-2  *  Tfi]m  +  3.8018E-4 

*  Tfnm2  -  2.7308E-6  *  Tfi]m3  +  8.1679E-9  *  Tmm4)E-6 
v  =  .97557E-6  m2/s 

12.  To  Find  the  FC-75  Thermal  Expansion  Coefficient,  PfK1) 

p  =  0.00246/(1.825  -  0.00246  *  Tfnm) 

'or  1.1  W  and  component  3: 

P  =  1.382E-3  K-i 

13.  To  Calculate  the  FC-75  Thermal  Diffusivity  a(m2/s) 


a.  =  k  /p  *  Cp 
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For  1.1  W  and  component  3: 


a  =  3.497E-8  m2/s 

14.  To  Calculate  the  Grashof  Number 

Gr  =  g  *  [3  *  l3  *  AT/v2 
For  1.1  W  and  component  3: 

Gr  -  3255734.402 

15.  To  Calculate  the  Prandtl  Number 

Pr  =  v/a 
Pr  =  27.89 

16.  To  Find  the  Temperature  Based  Rayleigh  Number 

Ra  =  Gr  *  Pr 

For  1.1  W  and  component  3: 


Ra  =  9.08E7 

17.  To  Calculate  the  Flux  Based  Rayleigh  Number 

Raf  =  g  *  B  *  l4  *  Qnet/(k  *  v  *  a  *  Atot) 

Rar  =  3.9E9 
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APPENDIX  B 


UNCERTAINTY  ANALYSIS 

The  uncertainty  analysis  was  done  using  the  method  of  Kline  and 
McCIintock,  presented  in  Holman  {Ref.  15].  The  calculations  will  be 
done  for  the  end  values  0.1  W  and  3.0  W,  for  a  chamber  width  of 
30  mm. 

A.  UNCERTAINTIES  IN  THE  NET  POWER  ADDED  TO  THE  FLUID 

Qnet  =  Power  -  Q]oss 
Power  =  emf(I)  *  (Volt  -  emf(I))/Rp 

Power  =  f(emf(I).  Volt.  Rp) 

3PowTer  _  Volt  -  2  ■  emf  ( I] 
c)emf(I)  Rp 


dPower  _  ) 

d Vo  it  -  Rp 


aPower  _  _  emf(I)  •  (Volt -  emf (1 )) 
0Rp  Rp2 


VV 


power 


power 


[_V  emf  (1)  ) 


w2  ,  + 

emf  (I) 


power 

3  Volt 


w2.  „  + 


a  ^ 

power 


Rp 


W 


Rp 
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Wemf  =  0.001  V 


(by  Resolution  in  the  reading  and  precision  of  measuring  devices) 

Wvolt  =  0.001  V 

(by  Resolution  in  the  reading  and  precision  of  measuring  devices) 

WR p  =  0.05  Q 


(including  the  added  resistances) 
For  0. 1  W  and  chip  3: 


emf(I)  =  1.022  V 


Volt  =  1.225  V 


Rp  =  2.06  Q 


(measured  resistance  including  resistances  in  the  junctions,  etc.) 


dPower 

9emf(I) 


=  -0.397 


3Po\ve  r 

avoit 


dPower 

9Rp 


=  0.496 


-0.0488 


W 


power 


(-0.397)  (0.001)  +(0.496)  (0.001)  +(-0.0488)  (0.05)' 
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Wpower  =  0.00252  W 


w power  _  0.00252  W 
Power  0.  1  W 


»  loss  r  c 

where  AT  is  the  difference  in  temperature  between  the  back  surface  of 
the  chip  and  the  back  of  the  board. 


Q  =  f(AT.  Rc) 


dQ 

loss  1  __  Q  loss  AT 

3 AT  ”  Rc  3Rc  Rc2 


For  0.1  W  and  component  3: 


5Q  ,0S 

3  AT 


1 

520.83  KAV 


0.00192 


^9  loss 

3Rc 


0.  1 2°  K 
(520.83)2 


=  -4.  424 x  10 


WQ 


loss 


\VAT  =  10%  =  0.012°  C 
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Wrc  =  10%  =  52.083  K/W 


WQ 


loss 


(0.00  1932  0.012*  +  (  -4 . 4  2  4  x 


|2 


WQ 


loss 


=  3.258E-5 


WQ 


loss 


1 


Q 


■0.  14  =  14% 


loss 


WQ 


net 


(W 

L  v  power 


+  (WQ 


loss 


WQ 


net 


=  [(0.00252)  +(3.258 


WQ  net  =  ±0.025  W 


WQ, 


0, 


=  ±  2,5% 


!The  uncertainties  in  the  losses  are  relatively  big.  but  they  do  not 
have  a  large  effect  on  the  final  undertaking. 
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For  3.0  W  and  component  3: 


emf(I)  =  5.647  V 
Volt  =  6.762 
Rp  =  2.06Q 

d Power  _ 
8emf(D 


BPower 
3  Vo  It 


2.74 


3Power 

3Rp 


1.484 


Wpow,r  =  i_(— 2 .2)  ■  (0. 00 D2  +  (2 .74)2  •  (0.00 1)'  +  (1.484)2 


Wpower  =  0.74  W 


W 


power  0,074 

3.0 


power 


=  ±2.5% 


ag 


loss 


1 


a  at 


520.83 


k/w  =  0.00192 


ag, 

^  los; 

3Rc 


2  1.68 
( 5  2  0. 8  3) 2 


=  -7.  993E  -5 


(0.0  5) 2 
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B. 


r 

WQ,_  =L(  0.00  192 


(2.  168)2  +  (-7.992E  -5)"  ■  (52.083)" 


WQioss  =  0.059  W 


WQ 


loss 


^  loss 


=  14. 14% 


WQnet 


power 


)2  +  (WQloS 


WQnet  = 


(0.074)2  +  (0.0059)  2J 


WQnet  =  ±0.0742  W 


WQ, 


9. 


=  ±2.5% 


UNCERTAINTY  IN  RAYLEIGH  AND  NUSSELT  NUMBERS 

Starting  with: 


Qnet  -  hAtot  (Tavg  -  Tsink) 


h  = 


Q, 


^totC^avg  ^  sin  k) 
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h  -  f(Qnet-  Atot.  AT) 


ah 

i 

3Q 

net 

§ 

o 

< 

11 

ah 

9  net 

3A  , 

tot 

"  A„,(AT)2 

ah 

9  net 

a  at 

A„,(AT)2 

for  0.1  W  and  component  3: 

A(ot  =5.76x  10  4m2  (for  all  components) 


ah  = _ 1 _ 

39nc,  (5.76  x  10  4)(3.02) 

ah  _ o_i _ _ 

A.o,  (5.76  x  10'4)(3.02) 


=  574.87 


-99804.03 


ah 

a  at 


- — - j  =  -1  9.035 

(5.76  x  10  4)(3.02) 


WTi  = 


ah 


09 


wgt 


net  J 


ah 


oa 


+ 


tot  J 


f  ah  V 
1 3AT  J 


w 


at 
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WQnet  =  ±0.0025  W 


WL  =  ±10-5  m 


W 


A 


1.4  IE  -5  m2 


Wat  =  ±1%  =  0.03°  C 


W„  =[(574.87)  (0.0025)  +(99804)  (1.41E-5)  +  (19.035)‘ 


U'  =  (2.065  + 0.01 9+.3260; 


=  ±2.09  W/m2  K 


W 


h  2.09 


h  57.487 


tor  3.0  W  and  component  3: 


5h 


=  ±  3.64% 


a9nrt  (5.76  x  10'4)(38.38) 


=  45.52 


ah 

dA. 


3.0 


=  235597.84 


(5. 76  x  10~4)  (38.38) 


(0.03)2 
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3.0 


=  3.536 


_3h 

3AT  (5.76  x  10  4)(38.38)2 
Wh  =  [(45.52) 2  ■  (0.0742)2  +  (235597.8)2  •  (1.4  IE  -5)2  +  (3. 54)'  ■  (,38)2 


Wh  =  ±4.92  w/m2  K 


h 


4.92 

135.7 


=  3.63% 


To  find  tdie  uncertainty  of  Nusselt  Number: 


Nu  =  f(h.  L.  k) 


8Nu  L 

ah  "  k 


aNu  _  _h 
aL  k 


3Nu  _  hL 

ak  -~k2 

Since  the  thermal  properties  of  the  FC-75  (dielectric  liquid)  are 
values  that  depend  on  film  temperatures,  it  is  considered  that  there 
are  no  uncertainties  in  these  values. 
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K  =  (0.65-  7.89474E  -4  TfiJ/10 


T 


T  +T 

avg  ±  Sin  k 


film 


For  0. 1  W  and  component  3: 


K  =  0.064 


W 

m  K 


Tfilm  =  11-51°  C 


3Nu 

3k 


24  x  10~3m 
0.064  w/m  K 


=  0.374 


3Nu 

3k 


57,487  239529 

24  x  10 


3Nu 

3k 


57.  487  x  24  x  10 
(0.064)2 


=  336.84 


U'Nu  = 


3Nu 

3h 


Wh  + 


(  3Nu 

l  3L 


3Nu 

3k 


W  k 


WNu  =  K0.374)2  •  (2.09)2  +  (2395.29)2  -  (l0‘5) 


WNu  =  ±0.78 
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\mu 

Nu 


0.78 
2  1.55 


0.036  =  3.6% 


For  3.0  W  and  component  3: 

W 

k  =0.0627-~ 
f  mk 


Tflim  =  29.2°  C 


3Nu 

3h 


24  x  10~3m 
0.0627 


0.382 


3Nu 

3L 


135  7 

-  ,  =5654.16 

24  x  10 


UTCu  = 


.(0.382)2  ■  (4.92)2  +(5654.16)2  •  (l0“5) 


WNu  =  ±1.88 


U,rNu 

Nu 


1.88 
5  1.94 


3.62% 


Ra  f  =  Gr  f  -  Pr 


Gr 


gPL4Qnr, 

kfv2A(ot 
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Grr=f(g.p.L4.Q„„.kI.v2.AlJ 
Consider  fluid  properties  without  uncertainties. 


3Grf 

gPSne, 

3L4 

k,v2Atot 

3Grf 

gpL4 

3Q  , 

k  v2  A 

f  lo! 

3Grf 

gPL49„« 

For  0.1  W  and  component  3: 


p  =  0.00137  K-1 


k 


0.064 


W 
m  ,k 


v 


1. 11259B-6 


m 


3Gr , 

- r  =  2.94E15 

3L 
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=  9.76E7 


3Gr  f 


BQ 


net 


3Grf 


BA 


tot 


-1.69E1  0 


U'Gr. 


(/aGrfl 

l  9L4  j 


j  U-rV  + 


3Gr . ^  , 

30^-  xra 

59  net  J 


BGr , 


net  [  BA 


WA 


tot  J 


tot 


U’Gr, 

I 


[(2.94E13)2  ■  (5.5  E-IO)'  +  (9.76E7)2  ■  (0.0025)* 
L+  (1.69E10)2  •  (4.8E-7)2 


WGr,  =  [2.6E8  +  5.9536E1  0  +  6.  5E7]' 


UrGrf  =  ±243569 


W 


Or 


Gr 


243569 

9.67E6 


2.5% 


U'Raf  =  2.5% 


For  3.0  \V  and  component  3: 


fi  =  0.014  Iv1 


U'Gr,  = 


v  =  0.80402  x  lO’6^- 


kf  =  0.0627 


W 

m.K 


3Gr  f 
3L4 


17.6E15 


3Grf 


ag 


net 


=  19.5E7 


3Grf 


dA 


tot 


1.0E12 


1  7.  6  El  5/  (5.5  E-l  0)2  t-  (19.5E7)2  ■  (0.0742)2  -U.0E12)2  ■  (4.8E- 


WGrf  =  [9.3E1  3  +  2.  09E1  4  +  2.38E1  1] 


^Grf  17405183 
Grf  584920 18Q: 


2.9% 


WRaf  =  2.9% 
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APPENDIX  C 


TABLES 

TABLE  1 

TEMPERATURE  DATA  FOR  INPUT  POWER  0. 1  W 
BOTTOM  BOUNDARY  AT  20°  C 

I  r ;;  ■  "  E’lp  ;  7  -J  .  J  f 

'  •AI'lE'-E  IMG  :  >  .  i'E  V 

H[iii  ExCMflNC-ER  temF.:  t  o  -20  r 

TlL  Tt»F'EKATUnf5  ORE  IN  DIE-REES  CELCI’JS 


CENTER 

T0p 

Rir-nr 

lEPT 

BOTTOM 

HIT  NO’; 

|  7  ,  jR'  *  i)0  l 

,  j°r  *  i r i 

1  7 . 40E»llO 

i  7  .  A  7 1  +  0  (! 

!  7 . 5  u  E  +  0  0 

i : .  n  *i  f.  ♦ 

JP 

POWEF 

'NOTTS):  HI 

.  0  1  E  :  o: 

HI-  no:: 

t  .1  OF  Hi 0  1 

*  .  i.i£  tfjo 

i 7 . «7E *00 

;  ?  4  ]  r  *.  n  p 

:  7 ,  a  7  £  ♦  n  o 

i 7 . rfE  ‘ 

in 

FOhl^. 

(  WAT  IS 4 :  10 

. ODE -OS 

-4I:'  N 

17,  l-SE  +  'H)  i 

7  _  o  p  r  * n  0 

! ? . iCE+on 

1  7 . 22E  -00 

t  ;  .  3  .3r  too 

1  7  -  S  ?  E  ♦ 

pj 

'  ■  j  r  C* 

i W  a  T  T s  ! :  39 

,  P  /j  F  -  0  3 

in.  E'E *00  : 

7 . E RE +00 

i  7  .  u  E  *  )i  0 

l  E . 60E  *  no 

i 7. APE  4  on 

i  7  .  ;f  ;*  E  * 
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-  ’  ’J  w 0  K 

(  Wh  T  T  9 A 

. 34E -  0 3 

H :  r  N'".r- : 

t?.ul:E+0"  1 

r.sSE+o o 

17.9  7.7  *  "<j 

f  r.E  :  E  +  i.i  0 

1 7 . SOE  +  00 

1  T  4  Q  -C  * 

1 !  I 

FOHrT 

(WAIT:1:  39 

.200-03 

NOO; 

?-  Apr  *on  i 

7 . 39E  *00 

1  7  .  j  E  +  1  1  '  ) 

17.3RE+O0 

!  7 .  EEC  +'.01 

:  p  .  *i :  F  * 

F'JHl  ■■ 

VwnTT-:  !  :  3  3 

.ICE  •  C  ?■ 

I  r  ■ ,  n ; ; 

1  '  jr  .  on 

; . roe  +00 

1 7 . ROE  +00 

1  7 .  -  Ec  +  0 0 

17.74E-O0 

;  -a  :T* 

P  G  w  L  - 

1  Wit  T  T  3  ••  :  ’1 

. (.14* -  32 

HI-  NNO: 

ir.r9E*'iri  t 

7  .R-iE  *on 

1  7 . 6  7  E  * ) 1  o 

:  7 , ERE  *00 

'7.0  IE  +  00 

•  at  *. 

POWtP 

iWi-TD  i  :  if 

. 0 7E -  03 

t 

r*  »iP?: 

i  7  .  .:  3  E  * ')  U  ' 

7. 1  EE  +  0U 

)  7  ,  9  A  E  + 1 1 0 

;  7 . EOE+OO 

!  7  .  SEE ‘00 

17/;T  . 

n  i 

P!jHlP 

i  Wi* r  T  9  ■  :  99 

. 92E-03 

.  r.  fA 

:r  Af  ■;  -  ~  P'liOUff  EE  TEN) 

'R  Em  T I E 7  t  .* 

BCj  T  S’" : 

i  n .  n 

TE  +  I'O 

1  3 ,  •? 

7E  •  tin 

p..*  V 

r;  fo;E  t  ENc,t  r-( 

p::-r  ;  *  •: 

T  !  ■  i  :  ;  P  .  n 

T'rr  •  :  l  7 .  E-iL  * 

T  (  ’  '  i  ;  1  C  .  ;•  'R  *  li  H 


:  r' .  '■  !i 


TABLE  2 


TEMPERATURE  DATA  FOR  INPUT  POWER  0.7  W 
BOTTOM  BOUNDARY  AT  20°  C 

£ :  ;  'jL  T  ",  UPC  •:  I HRC  r.  _r  ►(  FILL:  (ISC'  ’  '  1  ' 


AMFIENT  IE :  2^.4  C 

VOL  ~tlE<£R  READING  '■  3.21  0  7 

hem T  EXCHANGER  TEMP.:  1  U - 0  C 

ALL  TEMPERATURES  ARE  IN  DEGREES  CELSIUS 


CENTER 

TOP 

RIGHT 

LEFT 

BOTTOM 

BAG 

mot  : 

POWER 

24.  T  4 E  <-00 
(WATTS)  : 

24. 02E  +  00 
70 , 97E-02 

23.9FE+0O 

24.00E+00 

24 . 09E  *00 

27 . 01 E +00 

no:  : 
POWER 

2 A. 7  IE *00 
(WATTS)  : 

2  3 .  9 1 F  +  0  0 
70 . 93E -02 

23 . SEE +00 

23.54E+00 

23 . 80E  *00 

2E .SEE  +00 

NOS  ; 
POWER 

23 , POP  +00 
(WATTS ) : 

23  _  cqc *  00 
70  .  79E - 02 

23 . S9E  +00 

23.SSF.  +  00 

2  3  .  S  0  E  *  0  0 

2S.ti  F.  -on 

NO  4: 
POWER 

24.  SHE +  00 
(WATTS': 

^9 . 7 ; P  +  00 
70. 09E;0? 

23. G OE‘00 

20 . ESE  *00 

23 . 60E  *  00 

2E . 2  he +00 

■  NPP : 
POWER 

2*1 . 2SE  +00 
(WATTS) : 

27. APE +00 
70.38E-02 

23.44E+0O 

23. 37E+0O 

23.69E *00 

25 . 4 EE  + 00 

1  NOE : 
POWER 

2S. 79E+00 
( WATTS ) : 

24. 052*00 
70.2SE-02 

23. 4 Of +00 

22 . 5  IE +00 

24.  OF’E *00 

27.S7E+C0 

■  NOT: 
POWER 

24 . 3SE  *  00 
(WATTS)  : 

24 . u  7E+00 

71  .  ’9E-1'2 

2  4 . 0  2  F *00 

2 3. S IE *00 

24.  ! 4  E  +  0 0 

2 7 ,  S,;7t  <  oil 

*  NOP : 

P  Li  W  E  E 

2  4 , 2  7E  +  00 
(WATTS): 

24 . ' 4E *00 
?1  .  4IJE  -02 

2  4  .  i)  7E  *  00 

2  2 . SSE+00 

23 . 7?E  *00 

;■  o .  :■  ■  r  .  i 

■  :;n  +  : 
POwEE 

, A OF +00 
"(WATTS) : 

23. 70E+0n 
70 . P4E-02 

23.S2E  +00 

2  3.50E  *00 

23. 44E  +00 

25 . 7 Of.  ‘ON 

C'CRpr.r  meat  EXCHANGERS  TEMPERATURES: 

BOTTOM:  1  0  .  '1QE  *  00 

TOP;  20 . 0  rl  E  *  0 ' ! 


BACK  PLANE  TEMPERATURES  APE  : 


T  ( S  S ) : 

20.9  3E +00 

T  ( SP  )  : 

21  . 22E+00 

f  ( s  7 ) : 

20 . 72E+N0 

T ( 72 )  : 

> 1 . 39E+00 

T ( 73) : 

21  .  KJE  +  on 

T  ( 7  4  i  : 

21 .S0E+09 

T( 7SJ : 

2!  .031  +  00 

1(75): 

2 1 . 1 8E  *  0 0 

T  ( 77  ) : 

21  .23F.  +  00 
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TABLE  3 


TEMPERATURE  DATA  FOR  INPUT  POWER  1.5  W 
BOTTOM  BOUNDARY  AT  20°  C 


mi;t  ;tJRED  IN  *Ii_c: 


m!1F  IE- 1 1  T * MP  ;  24.4  ' 

uiji T ME  •  EE  RFAL'IUO  :  <1.7081!  «/ 

HEAT  EXCHHHOER  TEMP.:  10-20  C 

ALL  TEMPERATURES  ARE  HI  DEGREES  CELCIUS 

CENTER  TOP  R I  EH T  LEFT  BOTTOM 


CHIP  'l(i t : 

33.2RE+00 

71  . 3?E400 

POWER 

(WAITS) : 

IS. 17E-0T 

CH rp  U02: 

3*.22E+90 

31 . 2 i E  * 1 ' 0 

POWER 

( HA T 1 S ) : 

IS . 16E-01 

CHIP  WO 3 : 

?!  . 2 3 E * 0 n 

01  .  3SE + on 

D0WER 

(WATTS' : 

IS .  i JE-ni 

SHIP  N0<j : 

3  .3  .  ORE  + 1 ' 0 

3 1  ,  S  2  E  ‘  0  0 

POWER 

( WATTS ) : 

1  a . 98E-01 

SHIP  UOS : 

33.56EM.iO 

SO .  SEE  *oO 

POWER 

(WATTS) : 

IS . OAE-OT 

CHIP  NOR: 

30 . 3 7 E  ‘00 

32 . 7')r  ‘tin 

POWER 

( WA  T  T  s  '  : 

1  K.  0 1  E  :  0 ! 

i-  F  '107 : 

TO , 79E ‘00 

32,  cor -h.) 

POWEF 

(WANTS' : ' 

1 S  .  3 1 E  -  o  ; 

'HIP  NOR: 

. jke  ‘on 

31  .  f.  E  *  o  o 

POWER 

(WATTS) : 

1  S  .  2  6  E  -  0 1 

CHIP  ND9: 

31  .ATE* no 

31  .252*00 

POWER 

(WATTS'  : 

1  S  .  1  AE-Oi 

31  .  6  7  E  ■*  0  0 

31 . S3E+00 

31 .81E+00 

3! . S  0  E  *  0 0 

30 . CPE  +  00 

31 . 2  E  E  +  00 

30 . 9 PE *00 

30 . 76E  +00 

30.63E+00 

3  !  .  S  u  E  *  0  0 

27 . 8SE  *00 

31 . 60E  +  00 

30. ROE *00 

30 .  -(-'1**00 

31 . 30E+00 

;:n .  7SE *00 

; 1 . 1 ?F +00 

32 . 43E+O0 

?!  . 3  .  E  * 0 0 

3 1 . 29E  *00 

31  . 9  7  E  +  0  0 

3  1  .  7  2  E  *  0  0 

31  ,  -i  *i  f  +  (j  0 

31 .SEE +00 

31 , 1 2  E  *00 

30.30E+00 

31.0 1E+00 

AVERAGE  HF  AT  EXCHANGERS 
BOTTOM: 

TOP: 


TEMPERATURES: 

1  0 . 09E+00 
20 . O^E  *00 


T 


bock  flaiie  temperatures  are  : 


T  ( 

PS) 

23 

■+7E  +  Q0 

T  ( 

L-6 ) 

24 

.  S1E 

+  0O 

T ' 

37) 

25 

06E 

+  00 

T  ( 

72) 

24 

93E 

*00 

T  i 

73  > 

24 

57E 

+  00 

T  ! 

74) 

2  4 

BSE 

*00 

T  ( 

7  S  ) 

25 

1  OE 

+  00 

T  ! 

7F  i 

24 

4'3E  +  0  0 

T  i 

7  } 

2  4 

6  1  E 

‘00 

FACT 

3  7 . 5  3E  +  0  0 
30 .  R3E  ‘  on 
3<i.  !  EE  -00 

35 . 33E  +00 
3  A  ,  A  *  t_  +  !l  ( t 

a  ? .  EOE  *00 
.3 .  A  ■  E  *  no 
ii .  i  :  E  *  on 

-on 
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TABLE  4 


TEMPERATURE  DATA  FOR  INPUT  POWER  3.0  W 
BOTTOM  BOUNDARY  AT  20°  C 


ARF  STORED  III  FILE:  00041  70S 


amBIEHT  TEMP  :  24.5 

t’OL  THE  TER  REAPING  :  6  .  EG  I  V 

HEAT  EXCHANGER  TEMP .  :  10-20  C 

ALL  TEMPERATURES  ARE  Hi  DEGREES  CELSIUS 


CENTER 

roD 

<~H IP  NOi: 

4  q  ,4  ;  c  Mi  o 

46.SSE+00 

POWER 

(  WAT  IS  ) : 

29. 74E-01 

CHIP  n02: 

4«.3?E+00 

ha . 37E  *00 

POWER 

(WAITS': 

23 . 73E-0 I 

CHIP  NO 3: 

44 .  S2E  *  00 

4S.57E  ‘00 

POWER 

( WA  T  T  S  > : 

23 . 63E-0 ' 

CHIP  HO 4 : 

4'+ .  S3E  +  00 

4P. I7E+UO 

POWER 

(WATTS' : 

29. 33E-01 

('HIP  NOS : 

4B.S9E+00 

47.o2F*00 

POWER 

l WA1 TS) : 

23 . S 1 E -  0 1 

CHIP  NAS: 

37.  <302*00 

4A.G4F+00 

POWER 

( WATTS i : 

23 . aOE-0 1 

TP  f|07: 

SI.!  96*00 

49.27F *00 

POWER 

(WATTS' : 

23.S2E-01 

(-f-f  rp  noa: 

4.'  .  (JPC  KIO 

^7.nr,P  +  f)f) 

POWER 

( wa r  t s ) : 

29 . 9 1 E -  0 i 

CHIP  NO? : 

44 . 37 r  +  00 

46 . 73F +00 

POWER 

(WATTS) : 

29.63E-01 

RIGHT 

4b . H4E  +00 

LETT 

4b.  1 3E  +  00 

BOTTOM 

4  S  .  7  S  E  +  0  0 

4S.33E+00 

44. 51 E ‘00 

4S.02E  *00 

4S.OAE+00 

44 . S8E+00 

44 .FOE  +00 

4b.  / /  F  +  0  0 

42 . 62E+00 

46.37E+00 

45.  J  ?£  +  0 0 

44. 7SF.  +  00 

4b . 4  3E  +  00 

45- ,  0 4E  * 00 

45. 78E+00 

47 . 9SE+0O 

4  7 . 4  c  E  *00 

4b . S 1 E  +00 

4  7 . 23E  + 00 

47.D9E* 00 

4b . S3E  +  00 

4S.93E+00 

4S.S7E ‘00 

45.  1  IF *00 

44. 7  9  E  +  0  0 

AVERAGE  HEAI  EXCHANGERS 
BOTTOM: 

TOP: 


TEMPERATURES: 

1 1) .  98E+00 
20 . 08E+00 


* 


BACK  PI  ONE  TEMPERATURES  ARE  : 


TIES':  3 ' . 48E  +  00 

T(SS):  32 .  62E  +  00 
T / R  7 ) :  34 . JOE* on 

J i 72) :  33 . 38E *00 

T ( 73 ) :  32 . 78E  *00 

1(74):  3  3 . 2  7  E  *00 

T  <  7B  >  :  33 .  39E  *  00 

T I  7b  )  :  32 . 43E  ‘00 

T ( 7  7  I  :  32 . 42E +  00 


BACI 

S6.2SE+00 
56 . 02E  *O0 
5  I  , 20F *00 
SO . 39E  *  HO 
S2 .  53E *"0 
S3 . 6GE  ‘GO 

c-  _  t. ,,r  .  i)o 

s; .  ?..F  ‘On 

SG.CSE *00 
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TABLE  5 


REDUCED  DATA  FOR  INPUT  POWER  0.1  W 
BOTTOM  BOUNDARY  AT  20°  C 


THE  FuN  En*  D^Th  apE  FROM  the  FIlE  :  9302' 

s  HE  F  C'NER  SETTING  PER  '.HIP  NA'.:  11.1  IT 

oriETim  r4./o-Ts  u.j  lung  in  n-j 

3Q.9TE-f'3  74.68F-rn  28.10E-01  i  -  ./-IF -'i: 

TEMPERATURE  BASED  RAYLEIGH  MUMPER  -  E-7  IS:  13?.7;E-')3 
7  UNCERTAINTY  IN  IHF  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  13*i.  18E-U 
FLUX  BASED  RAYLEIGH  NUMBER  ♦  E-8  IS:  AOB.SBETIA 
V.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  4S3.E-4E-0S 

9A.S.IE-03  7A.1EE-0I  2°.C6c-0l  '  7.S0E-0! 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *•  E-7  IS:  '  DP  .  7  /iE  -  0  ~ 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :i:S.U3E-0 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  AI)E . 97E - 04 
7.  UNCERTAINTY  IN  FLUX  BASED  PAYLEIGH  NUMBER  IS:  458.97E-US 

00 .  S4E -03  71  , c  9E -  0 1  3l).2flE-'T1  17.99E-P1 

TEMPERA flIRE  BARED  RAYLEIGH  NUMBER  <  E-7  IS:  I.T3.S7F-U3 
7.  UNCERTAINTY  IN  THE  TFmpERATURE  BASED  RAYLEIGH  NUNBFR  I?  :1??.SS£-0 
F L H •  ASED  RAYLEIGH  NUMBER  *  E-8  IS:  403.97E-04 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  459.88E-0S 

9R.SAE-03  7A.2ZE-01  30 . S2E -0 1  14.2SE-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  •  E-7  IS:  1 30.33E-03 
;  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :M2.S8E-0 
FLUX  BASED  RAYLEIGH  NUMBER  ‘  E-8  IS:  399.28E-04 

UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  HUMBER  IS:  4G4 .  E2E  -  AS 

A^.D^c-OB  7F.15E-TM  PP..fiYiE-m  13.32E-'1' 

TEMPERATURE  BASED  PArLEIr-H  NUMBER  >  E-7  IS:  M0.73E-03 
7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  t  3  3 .  Z  3E-‘J 
FLUX  BASED  RAYLEIGH  NUMBER  *  r-8  Ic:  'HI3.22E-94 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  4G2.64E-0E 

A8.32E-II3  At. r, iE-01  E3.«3r-01  HJ.93F-A1 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  17*.'EF-0C 
7  UNCERTAINTY  III  THE  TFMPERATURE  BASED  RQYLEIGU  NUMBER  Ir  :  IOa.^F  0 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  *1 0 . SOE-M 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  4G3.23E-0S 

TO. OPE  02  7S.PSF -rn  '1fi.?2E-rti  1.H20E-01 

TFMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  Ki2.i9E-0? 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  132.  DIE-'.’ 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  Afia.AOE-O* 

7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  4S7.14E-0S 

10.QSE-02  7S.98E-9I  28.75E-01  13.I3E-0I 

TEMPERATURE  BASED  RAY1EIGH  NUMBER  ►  E-7  IS:  142.05E-03 
7  UNCERTAINTY  ITT  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  1 3 1 . 78L - 0 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  409 .  S9E -04 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  4S5.89E0S 

99.72E-0?  73.00E-0T  29. BSE-01  13.72E-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  138.42E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :137.15E-0 
FLUX  BASED  RAYLEIGH  NUMBER  ♦  E-8  IS:  AHA .  H/iE -04 
7  UNCERTAINTY  TIT  FLUX  BASED  RAYLEIGH  NUMBER  IS:  4E9.S2E-0S 
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TABLE  6 


REDUCED  DATA  FOR  INPUT  POWER  0.7  W 
BOTTOM  BOUNDARY  AT  20°  C 

U:e  RAW  Em#  D(»Th  rtPt  FROM  THE  FILE:  0802 !  7 »  ? 

THE  F'ji-iFR  SETTING  F'ER  CHIP  WAS:  0.7  WAITS 

FI?  CHET  1  W)  Ta'Q-Ts  Nu  -TL!NC  IN  Nu 

1  7Q.20E-02  I^.2AE*°0  10. 76E  «-nn  7P.34E-U2 

TEMPERA  WIRE  BASED  RAYLEIGH  NUMBER  »  E-7  IS:  287.08E-03 

'/.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  703.04E-0? 
FLUX  BASED  RAYIEIGH  NUMBER  *  E-8  IS:  308.8SE-A3 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  231.S8E-04 

2  ?n,  USE-02  IA.09E+00  iQ.fiBE^QO  71.1SE-02 

TEMPERAIURF  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  2S3.28E-03 

X  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  : 7 1 1  . 2  1  E -  0  3 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  308.101-03 
7.  UNCERTAINTY  If!  FLUX  BASED  RAYLEIGH  NUMBER  IS:  231.71E-04 

3  70.0  3E-02  1 3 . 66E  +  0  n  11.18E+QU  72.32E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  273.F3E-03 

V.  UNCERTAINTY  IN  THE  TEHF-’ERATURC  BASED  RAYLEIGH  NUMBER  IS  :  732. 8AE-03 
FLUX  BASED  RAYLEIGH  NUMBER  ♦  E-8  IS:  306.03E-03 
X  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  232.17E-0A 

a  A3.32E-U2  13. 10E  +  0O  11.S4E*-00  7F../J7E-02 

TEMPERATURE  EASED  RAYLEIGH  NUMBER  *  E-7  IS:  250. ROE -03 
>:  UNCERTAINTY  in  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  7S4 .  oAE-'LT 
FLUX  BASED  RAYLEIC-H  fJUMBER  ♦  E-8  IS:  3Q1.00E-03 
X  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  234.S4E-04 

S  63.6  IE -02  13.71F.t00  1  1  .  08E  +  00  73.06E-C2 

TEMPERAIURF  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  2'4.«M£-fJ3 
X  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  : 730 .2 JE -O' 
FLUX  BASFEl  RAYLrIC-H  NUMBER  *  E-8  IS:  ?04 .  37E-03 
X  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  233.571-08 

A  S3.8qE-02  I  A . S  7  F  *  0  0  10. 3A£>00  68.30E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  ►  E-7  IS:  237.O3E-03 
X  UNCERTAINTY  IN  IMP  TEMPERATURE  BASED  RAYLEIC-H  NUMBER  IS  :S82.CcE  'i  . 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  3O7.22E-03 
X  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  233.8SE-0') 

7  7  0 . 02E-02  1  A . 32E  * 0°  10.73E+00  E3.DSE-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  288 . 7JSE  -  03 
7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  639 .  IDE  -  f 
FLUX  BASED  RAYLEIC-H  NUMBER  *  E-R  IS:  310.07E-03 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  230.38E-04 

9  70.STE-02  1 A .  06E  +  nn  IO.?5E+on  71.25E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  232.fi/4E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :712.1/L-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  3 1 0 . 0 7E -03 
/.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  230.19E-Q4 

3  70.07E- 02  13.67E+00  11.18E+00  73.2'E-02 

TEMPERA  TURF  BASED  RAYLEIGH  NUMBER  ‘  E-7  IS:  273.30E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  732 . 3oE  -  0 
FLUX  BASED  RAYLEIC-H  NUMBER  *  E-8  IS:  30S.23E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  232.01E-Q/J 
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TABLE  7 


REDUCED  DATA  FOR  INPUT  POWER  1.5  W 
BOTTOM  BOUNDARY  AT  20"  C 


raj.)  r>('  ALE  r^nil  TME  FILE:  0«'l  ?  9  J9S 

-t  POWER  EE  T  Tim..  PER  CHIP  WPG:  1.S  WftHS 


QNE T  <  N  ) 


’■.ava-Ti 


Mine  in  m. 


I^.Oor-rM  22.082+oq  1  * . *3 n E  +  0 0  a?  .  ??E-01 

TPdpepft  fttKE  BAS-D  PftYLEIGH  HUMBER  *  E-7  IS:  4 A 4. SEE -03 

UNDER  T A  IN  i  Y  IN  TME  TEMPERATURE  BASED  RAYLEIGH  HUMBER  IS  :4S,. 
FLUX  BASED  RAYLEIGH  MUMPER  *  E-8  IS:  7Z2.22E-0 3 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  <^25 .  19E  -04 

‘>"E-D1  :i.7JE‘0n  TS .  1  3F  *00  13E- 92 

TEMPERATURE  BASF D  RAYLEIGH  NUMBER  *  E-7  IS:  47S.3GE-n? 

;/  UNCERTAINTY  JN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  M'GO. 
n i  ik  RASED  RAYLEIGH  NUMBER  *  E-0  IS:  713. 1 1E -03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  HUMBER  IS:  22S.28E-04 

1  a .  ARE  -  0 1  20.92E*011  1S.E8E*00  47.32E  02 

rpHrrRAT'iRE  BASED  RAYLEIGH  HUMBER  «  E-7  IS:  AS?. ROE-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  A o . 
FLUX  "BASED  RAYLEIGH  NUMBER  *  E-3  IS:  711.2RE-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  222 . 7 1 E -On 

|/j  qif-iTI  ?  i  .  0  A  F  *  0  0  1S.43E  +  00  fl7.63E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E  7  IS:  4c,7.00l-U8 
■/  UNDER  I A I N  T  Y  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :4/S. 
FLU):"  BASrD  RAYLEIGH  HUMBER  *  E-P  IS:  70S.Q5E-0? 

7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  228.02E-0* 

1U.B7E-01  21  . 1 SE  ‘00  IS  .  42E*00  ^7.3SE-0_' 

rr^pepf’)  fijRf  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  APS  .  0  ’  F.  -  0  3 
X” UNCERTAIN  I Y  IN  THE  TEMPERATURE  BASED  RAYLEIGH  HUMBER  IS  : A  7  2  . 
r.  fix  BASED  RAYLEIGH  NUMBER  <  E-P  IS:  703.31E-03 

■/.  under  i  a  in  i  ?  in  flux  based  Rayleigh  number  is:  z<.<  .0/t-o« 

14.  SHE -01  17.77E  +  00  1  y  .  SSL  *  00  5G.30:2  A  3 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  372.79F-H3 

2  UNCERTAINTY  in  THE  tempera! URE  BASED  RAYLEIGH  NUMBER  IS  :S6o. 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  SUO . 77E -o  ; 
v  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  ^7.6SE-Q4 

1 5 .  (JOE - n  1  22.33E+O0  14.78E*')0  44.90E-92 

TEMPERATURE  BASlD  RAYLEIGH  NUMBER  *  E-7  IS:  491.AAF-03 

7  UNCERTAINTY  in  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :448. 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  726.23E-03 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  224.S6E-04 

oQE-01  2'.7SF+nn  1 S . 20E *-00  aG. QBE-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *-  E-7  IS:  A  76  .  1  PE  -  03 
v  UNCERTAINTY  TN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :4G0. 
FI  UK  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  723.92E-03 
v  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  223.8EE-04 

14.970-01  21.070*00  1S.S8E*00  47.280-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  4S7.R3E-03 
7.  UNCEPIAIUTY  IN  THE  'FMPERAHJRE  BASED  RAYLEIGH  HUMBER  Io  '.bn 
rUIX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  712.92E-02 
7  IJNCF  R  1 A  IN  T  Y  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  c^.'.SOE-nA 


,63E  -  o: 


786  -  0  3 


.  33F-rn 


.  08E -03 


8  1 


TABLE  8 


REDUCED  DATA  FOR  INPUT  POWER  3.0  W 
BOTTOM  BOUNDARY  AT  20°  C 


T |JF  Sou  f'ftlH  uR'E  FROM  TI’E  f  ILE 
THE  FtfUER  SETTING  PER  CHIP  HAS: 


qac-s '  ?."!S 
3.0  HAITS 


■jNE  T  1  W  ’ 
2^.42E-01 


5  v  9  '  1  3 

qp .  28E*xm 


Nu 


7UNC  I‘t  1  j 'j 


1 


Mir, 


c.rc  -n 


7E . OUE  -03 


TEMPERATURE  POSED  RAYLEIGH  NUMBER  *  E-7  IP:  ?3S. brE-03 
•/  IJNI'ER  T » ITT  T  Y  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUHBE--  Is 
Pin;;  BASED  RAYLEIGH  NUMBER  *  E-S  IS:  1E8.28E-02 
V.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  194.6CE-IM 

ro.4!B-0!  3B.GSE+Q0  18.25E+00  29.13E-02 

tfmPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  91S.9AE-0? 

•;  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  ^90 .  SOE  -  G..i 
FlUX  BASED  RAYLEIGH  NUMBER  *  E-B  IS:  1G7.20E-02 
/'UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  I94.S5E-04 

?q  qcr-oi  33.82E+AD  19.2UE+00  29.67E-Q2 

;rMprRflTIIRE  BASED  RAYLEIGH  NUMBER  -  E-7  IS:  9E2.23E-U3 
L  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  _9B .  0  jE- h 
■  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  1G3.6GE-02 
v  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  !95.00*-i'A 

rq.UF.c-ni  3S.S6E“lO  18.0E-E  +  00  29.T4E-02 

TEMPERATURE  BARED  RAYLEIGH  NUMBER  »  E-7  IS:  91S.27E-C? 

;;  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  Io  :  2S0 . 7.-E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  1SS.19E-02 
v  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  19F.99E-DY1 

oo  igF-m  39 , 27f  *•00  1S.32E+AO  2?  .  AGE -02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  9A1  .r.CE-0  3 
::  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMPtR  1-'  —  -SIU-P- 
ci  i  ix  PAGED  RAYLEIGH  NUMPFR  41  E-9  IS:  1  PS  .  1  9E  -  02 
•/'UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  19G.l7t-0'i 

29. ORE -01  32.37E+00  !9.3SE*90  30.99E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  RMA.nSE-n? 

V  l  lf/AER  T  A  IN  f  Y  IN  THE  TFMPrRATUPE  PASED  RAYLEIGH  NUMBER  Ir  :.UH. 

FLUX  BASED  RAYLEIC-H  NUMBER  *  E-8  IS:  1S9.E2E-02 
;;  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  19G.89E-04 

2A  SOE-m  37.S4E+0A  1  7  .  A2E  f  00  2E.74E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  98 1 . 44E -‘13 
•/.  UNCERTAINTY  IN  THC  TEMPERATURE  EiASED  RAYLEIGH  NUMBERMS  :.:8b 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  T70.39E-02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  19A.07E-04 

29  53E-01  34S>  23E*0f>  1 8 . 09E -» 00  2 7 .  7  1  E  - 02 

TEMPERA  TORE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  9?4.Fi8E-0? 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  .c7b.38E-(Jj 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  169.1 5E -02 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  193.S1E-04 

29  37E-01  3 A . 23F  *  AO  18.98E+0A  29.32E-C2 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  ♦  E-7  IS:  866 .  1  OF -09  ^ 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  1  :•  :<-9.i.S1E 
FLUX  BASED  RAYLEIGH  NUMBER  ♦  E-8  IS:  1R4.42E-02 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  .  19A.9SE-AA 


r  I  F  - !'  0 
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TABLE  9 


TEMPERATURE  DATA  FOR  INPUT  POWER  0. 1 
BOTTOM  BOUNDARY  INSULATED 
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T  S  ■ 

?  7 . 0  RF  -  !!  ' 

'■'Hi 

P  OOP; 

17,0 

SP  * 

no 
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k  :  r  v  1 1; 

T.'E 

l>  r 

7 E OPERA THREE 

c 

r  GH  T 

t_  r :  ] 

PC  :  '  0 

M : 

1  L" 
J 

,  /I  7£ 

*00 

97E 

*I!H 

rOP: 

7  U 

".2  HE 

*no 

36 . 30E 

-ft  7 

BMO:  PLANE  TEMPERATURES  ARE 


! ' 

Eo  7 

16 

0 1  r 

>  0  IT 

T  i 

E»p.  i 

16 

ftlE 

+  no 

If 

6  7  1 

13. 

0/E 

*00 

T  1 

7  2 ' 

16 

73E 

*00 

t' 

/  ;  i 

16 

7RE 

‘0(j 

I< 

7ft  T 

1  7 

ZOE 

‘00 

f  < 

.’3  > 

16 

‘IcP 

*00 

T  ( 

76' 

16 

,6E 

‘00 

T  ( 

7  7  l 

16 

hlL 

‘00 

w 
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TABLE  10 


TEMPERATURE  DATA  FOR  INPUT  POWER  0.7  W 
BOTTOM  BOUNDARY  INSULATED 


'  ARE  TAPED  IN  1  IRE;  :i 


O  -C  ~ 


■•’•F  it.’i  t  it  hr  :  :  i.:  •• 

7 fit  :*_R  F'EnOtNA  .-.t'S  :  2 . 22  V 

r  h  T H  T  t  HP  Ufl  5  :  tO  O'  -  IN' ' 

ALL.  TEMPERA  i IJRES  ARE  Pi  PEo-PEES  CELCIEi'I 


CENTER  TOP 

RIGHT 

LEFT 

BOTTOM 

EAR'S 

HIP  not  : 
POWER 

2  3  .  R  7 "  mi  o  22. 3C-E  *-l10 
(WAIT:.;:  70.80E-02 

22  .  SHE  *  I'd 

22.S4E*'ot 

22  .  'ofit  *  00 

;;  l 

,.'3.4  *  i)  1 

HIP  N02 : 
POWER 

??.E.2E-iO  22 , 57E  +  00 

(WRIT1':  70  .ft?  E-02 

22. 7fiE  *00 

22. 3UE*00 

22 . fifiF *00 

.  T3E  *00 

HIP  ‘in: : 
POWER 

2  2  •  ?  1 E * 0 0  2?. F : E  * 0 0 

i WA  7 I 3  i  ;  7U.fi  HE -02 

22  .  fi  1 r  *  o i) 

22.4 7 e  ► o n 

22 . 2oE  *00 

j/J 

.  mijF  *  00 

'■■'If'  not : 
POWER 

23.  -ifir  .i-iri  22.  TIP  ’ 1  i U 
( Wh  T  T  3  j ;  fi*.??E- 02 

22.  ~3E* TO 

22.1  7P  *00 

22.fi  PE *00 

.  TEE  *<m 

HIP  NOE : 
COWER: 

2  .  2  0  L  *  1 1  i.i  2  3.Z0E  *  0  0 
i  WA  T  T  ■  i  :  ;  ij .  2 BE  -  0  ._■ 

22. 2 'E  rOn 

22. i oE *00 

22 . EOF  *  no 

2^ 

.  t  *  F + '  \ ( 

HIP  ‘I'H'-: 
POWER 

2'C  ,  2WR  *00  22  .  ?r-'E  *00 

i  W»  n  •  -  :  7  !) ,  1  fir  u2 

22.23E *oo 

22  .  ? 1 1 r  +00 

I  8. :?fiE  *00 

n  r 

.  3.RE*  '0 

'  F’  NO  7: 
POwER 

7  ■'  .  :'fi  7  *  ’jU  ;  -  .  1  fip  ■  pi '  1 
i  WA  ■ 1  :  1  :  71. 03E  -i)2 

22 . Rnr *m) 

i_ti  .  ^  n  f  + o  n 

2  3  .  ?2f  *00 

^r: 

«i  - 

,  7  OR  - ;,o 

u  T  r  r.o  • 

PQwPp 

;  •  :r  ♦  mi  :  * .  ■*  ;r.  on 

(WAT rf 1 : ‘  7 i . j PE  -  0  2 

::.pfiE*'M.i 

zz . r  or ?vo 

22 .  ROE  *  00 

,  ^  Ti  r  * 1  •  •  i 

M  [ f-  NON; 
POWER 

23.7  ut  *  'Hi  22  .  -ifi  E  *  Of) 

( WA  i  ’ j : :  7  0  .  7 2E  -  02 

22 .  t  2E  *  00 

22..;‘>E*on 

22 . 2 -it.  •  00 

'.•r. 

t.  -• 

.  ^  ?  L  *  ■ 1 1 ' 

HE  A  T  E 

P.iiAtii.LRfi  TEHPESOTOREC 

:  r-:  IC-H  T 

!  err 

BnT  Tfu. . 
TOP: 


■  r .  32*  *  on  17.332*00 
10.28E  +  <UJ  ?7.fi3E-0! 


E«CK  PLWIt  TEMF-£RATiJFctS  ORE 


w[fii:  it  *nn 

TIES):  1 9 . 81 E  ■‘■on 

T'-T);  19. 7/iE  +  OO 

1 <  72  t  :  2 0 . 0 1 E  * 0 0 

T ' 7  ■ ) :  1  . 3 1 J  F  -  0 1 

T  ( .’4  ) :  i9.39E*0fi 

1 1 /E':  19.F'3E‘i'm) 

1 ( tc  :  :  1 3 . 7fiE *  yn 

ft  77):  !3.S8E‘0n 
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TABLE  11 


TEMPERATURE  DATA  FOR  INPUT  POWER  1.1  W 
BOTTOM  BOUNDARY  INSULATED 


RF  - 


,sr.r 


■;:rep  ifi  r 


k;.  m  p  i  r  •  ( 

vol  t nr 
T 

|  T  TEmp  NAS; 
i  ER  REAPING 
RHP  WAS: 

21.--  <' 

WAS:  ^.00  V 

Hi  C-  INS 

ALL  ft. MF’t RA  F LIFE 5  ARE  Ifi  PE0R0E3  CElViUE 

CENTER 

TOP 

RIGHT  LEFT 

BOTTOM 

\-lF  liO i :  2.9.  SEEING 
POWER  (WATTS' : 

2? . 73E  *00 

1 0 .SEE- 0 1 

27 . ’ 2E-00  27 . : IE*  no 

2  7 .  :  ;e  "TO 

30 

'HIP  N02:  29. TEE *90 
POWER  (WAITS': 

25.  70E‘0Q 

1 0 . QEE -0 1 

20 . 3 St  +  00  25 . E3E  +  9U 

7b  .  Aiir  vfill 

30 

H[p  NO 3 :  2 a , ?ae ♦no 
POWER  (WATTS): 

2P  .  Q'P  *  0  (1 
10.93E-01 

26.7°E+on  25.57En.io 

25 . 25E  +  00 

2  A 

.PIP  NOP;  25. 2  IE  "30 
POWER  (  W A T  T s  )  : 

2  7 . 0  2  E  *  0  0 

1 0 . SEE  -  n  1 

2/ .  1  -IE *00  26  •  SHE  +  ‘T(i 

27 . 0  7  r  -*  0  0 

30 

H[p  NOS :  2  7.7EE-00 
POWER  ( WATTS); 

2R  .  1  ?E  *  'in 

1  0 . 3  7  E  -  0  ! 

2b . 25E *  00  25 . U3E  +  00 

25  .  ROE  *  00 

7  0 

H  [P  N OS :  27  .  1  ?P ♦I.Ti 
POWER  (WATTS': 

2  7.2UE  "TO 

1 U . cRL  -0 1 

2  R .  1 3 1 4 1 !  i !  2  6 .  A  5  E  +  0  0 

25 . SHE  +  AO 

4. 

*P  NO 7:  2 A . S E  ‘00 

P  0  W  t  R  (WAT  3  '  : 

2  7 . 5 or *00 
i 0 . 33E -  0 1 

2?.n  7E  *  nij  26. 7  7  r  *  a  r. 

27.  1 5  E  *  0  '■ 

:.i 

HIP  MAR:  27. SEE ‘00 
POWER  (WATTS): 

25 . 33E  +  90 
i  i  .  E'  2  E  -  0  : 

27  .  NfE  *'"1  26  .  ;2E  ‘GO 

25.57E  ‘GO 

HIP  NP3:  2P.5tr*00 
POWER  (WATTS': 

2  5 .  w  ^  t  * ' )  n 
ir . 93E -0 i 

2  6 . S  3  E  * 1 ' 0  26.2 0  E  *  0 0 

25 .2 7E  ‘00 

1 1 

heat  exchangers 

BOT  TOM: 

TOP: 

1 r  ms  E  PA  TORE 

5:  RIGHT  LEFT 

1  3  .  /j?E  *  AO  1  6  .  ' 

1 0 . 2 i E ‘ 1 )  0  9  7.25 

E  *  0  ( ' 
r  -  n  t  t 

BACK  PLANE  TEMPERA  HIRES  A.E  : 


T  ( SS  ! 
TIES) 
T<S7> 
T  (  72 ) 
T(7V 
T  (  7  H  ) 
T  (  75  ) 
T '  76! 
V  77) 


2!  .  49E<-0i) 
22 . OOP  *00 
2  2 . 2  7  E  *  0  0 
22 . 32E  *  00 
2! . 3«E *00 
22.22E*0ri 
22.  u4F.  "JO 

21 .  °7E  +n  n 

22.  )2E*no 
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TABLE  12 


TEMPERATURE  DATA  FOR  INPUT  POWER  3.0  W 
BOTTOM  BOUNDARY  INSULATED 


WA*'  :  Eft  : 

■JL 7 HE  i r ^ ErtDI.'i*-  Wa  a :  4.00  V 


1  H  • 

a  <  1  T  ►' ; 

rEMP  was: 

1FERATURE5  A* 

10  C-I’I'- 

PE  If)  I'EERf. 

E3  OELC  !*.> 

CENTER 

TOP 

RIGHT 

l_Er  T 

PET  IftH 

POWER 

E-i .  E'3E*00 
<  WAT  TJ  > : 

A  J 

Ei  ; 

.  8.  k  r  *oo 

1  c  C  -  Q  1 

SO . 7 EE  *00 

50 . SftE  *  00 

SO.  3«E*"0 

-tnj; 

POWER 

5  5 ,  s.'4l  •  on 
(WATTS!: 

JA 

T[(  ^ 

.  ;  ?  c  *  n  o 
i  i  E  -  0  i 

SO . SEE  *00 

48.6SE*00 

t  0 . ORE *00 

EOMt*7 

c;:  ,  jc£*n(j 
f  I  T  ?  t  ; 

c  0 
30. 

. +00 
OE-E -  01 

49.50;.  ‘  il  0 

aft. 0?E  *00 

u : . ftps  » no 

‘103: 

5ft  .  ftbt‘00 
•  ha f  ’  S 1 : 

0‘? 

T 

.  ouE  +  O 0 

7  ;  r  .  o  1 

SO. S^r* on 

48. 3 7E *00 

SO  .  3 St  ‘1.10 

one : 
POWER 

SO.  TEE *00 
(WATTS'  : 

/ 

7 !  j 

.  ‘ft  4  [>00 

E9E' U ! 

03. .  ‘E  *00 

oft.  Eft t *00 

o  ?  ft  i  E  *  0  0 

W: 

OWE? 

EE .  ESC  ‘fill 

<  Wri  ITS) : 

C  ; 

;•  j 

_  ./or  * f i o 
7P£-o i 

4ft . ft S r .  ‘"0 

oft . \ 4f  ‘00 

so . TEE *00 

1  in ' : 
POWER 

EE ,  anF‘rin 
<  WAT TS  :  : 

9  I 

30 . 

,e;p  ‘iin 

:ie-ot 

So . 'c:  *00 

ftn.  i  EE *00 

r  o .  5  7  E  *;1W 

mop,  : 
POWER 

uke*  on 

(  Wm  T  T  !;* ;  ; 

'] 

.  '1  ,T  *  ■  1 0 

;o£:oi 

SI  .  ■  ■  T  *  »!.» 

SO . E3E  *  no 

c  0  .  ^  •  r  *  * 1 : . 

‘  kjflO  j 

CTWEF? 

E  "  .  7  E  *  0  0 
! WA' TS ) : 

ftft 
31!  . 

.  .3 of  .no 

Mt'-E-Ol 

4ft.  7  !  ft  -M 1 0 

.4.1  .  qftt  ‘Oi 

.ft.  SEE  ‘  "ft 

vJt  A  T 

‘  «'  M AUGERS 
POT  TOM: 

TOP: 

TEiir  ERA  (EIRE 

;  J  *  fli 

•  7  ■  r  r  T 

T".  .r’r' 

r  ♦  <|0 

>“  k  ,•>  r. 

cr  -  n  ? 

t 

pftr.t  PLANE  TEMPERA  '’JRES  ARE  : 

f  i  E R  i  :  3,-:.  74F*on 

USE):  3 A. ?RF  *0 11 

T  f  c,  />:  3B .  aSL  *uu 

T(7?>:  3S.AiE*no 

T  ‘  /  3  )  :  3  o  .  7  5  t  *  3  0 

T  r  7 ^  )  :  35. 1  PE *00 

Ti  75) :  35 . ARE ‘00 

T :  / R )  :  34 .  "PE ‘i>" 

t  ( 7 1 ) :  33 . 3 Oti  *  on 
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TABLE  13 


REDUCED  DATA  FOR  INPUT  POWER  0.1  W 
BOTTOM  BOUNDARY  INSULATED 


"ril-i  Crit  [  A  T  A  ARE  rRfJM  the  rILE :  OURSIcES 

THE  F  ONER  RETTING  PER  CHIP  WAS:  G.l  WATTS 

■ .  H I F  QliET'W)  Tava-T~  Hu  /.UNC  III  Hu 

1  in.  ORE -1)2  S9.19E-01  3S.91E-01  18.93E-01 

Y5APFRATMR5  EARED  RAYLEIGH  HUHBER  ♦  E-7  IS:  103.69F-03 

::  UMCERIAINIY  in  THE  TEMPERATURE  EASED  RAYLEIGH  HUMBER  IS  :169.28E-02 

FLUX  BASED  RAYLEIGH  HUMBER  *  E-S  IS:  4i>i.]4£-04 

•/.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  394.13E-0S 

2  !0.nFE-n2  G0.09E-A1  38.31E-01  16.67E-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  110,  ABE-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :16S.74E-02 
FLUX  BASED  RAYLEIGH  NUMBER  *  E  -8  IS:  401.1  IE-04 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  HUMBER  IS:  394.58E-0E 

•:  10.  P3E-02  S3.4GE-01  37.24E-01  17.14E-01 

TEMF’ERATURE  BASED  RAYLEIGH  HUMBER  »  E-7  IS:  107.28E-0? 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  1  7 1 . 38E  -  02 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  399.S4E-04 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  39S.38E-0S 

4  9S.33E-G3  53 . 1  IE-01  37.11E-01  17.24E-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  1  OS  . 5*?E - 03 

a  UNCERTAINTY  III  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :172.43E-02 
FLUX  BASED  RAYLEIGH  NUMBER  *-  E-R  IS:  38S.51E-04 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  399.24E-05 

5  99.73E-03  SR.84E-01  3B.79E-01  17.03E-01 

TEMPERATURE  BASED  RAYLEIGH  HUMBER  «  E-7  15:  lOR.nSE-n? 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  1 7 0 . 2 7 E -  0 2 
FLUX  BASED  RAYLEIGH  HUMBER  -*•  E-R  Ic:  397.ME-04 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  397.65E-0E 

A  99.58E-03  53.05E-01  34.29E-01  1S.99E-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *■  E-7  IS:  HC.29F.-03 
/.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :1S8.90E-Q2 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-R  IS:  398.81E-04 
7  UNCERTAINTY  IN  FLUX  BASLD  RAYLEIGH  NUMBER  IS:  398.24E-0C 

7  1 0 . 09E-02  S8.34E-01  3 7  . S6E - 0 1  17.17E-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  107.04E~£I3 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :171.73E-02 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  402.00E-04 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  392.90E-0S 

8  10.12E-02  59 . 4 1 E-n  1  36.98E-01  16.87E-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  109.12E-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  : 1G8.66E-02 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  403.56E-04 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  391.8 7E -05 

3  T0.04E-02  5S.68E-01  38.43E-01  17.B8E-01 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  «  F-7  IS:  103.RnE-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :176.7?E-U2 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  39B.9SE-04 
7  UNCERTAINTY  IN  FLUX  BASLD  RAYLEIGH  NUMBER  IS:  395.13E-0S 
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TABLE  14 


REDUCED  DATA  FOR  INPUT  POWER  0.7  W 
BOTTOM  BOUNDARY  INSULATED 

THE  RAW  Ent  DATA  ARE  FROM  THE  FILE:  03022057 

THE  POWER  SETTING  PER  CHIP  WAS:  0.7  WATTS 

CHIP  ONETiWl  Tavg-Ts  Hu  7UNC  IN  Hu 

1  70 .  1  HE -02  n.lOE  +  nn  11.67E+00  76.47C-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  2SI.03E-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :764.3SE-C3 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  3Q4.bSE-03 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  234.S6E-04 

2  70.07E-02  t2.BSF.-00  II.89E-00  77.3SE-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  -  E-7  IS:  2SS.3GE-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  : 779.20E-03 
FLUX  BASED  RAYLEIGH  NUMBER  -  E-8  IS:  303.S4E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  234.7SE-04 

3  SA.3AE-02  12.53E-00  12.11E-00  73.S7E-02 

TEMPERATURE  BASED  RAYLFIGH  NUMBER  -  E-7  IS:  249.47E-03 

7  UNCERTAINTY  IN  THE  "EMPERATURE  BASED  RAYLFIGH  NUMBER  IS  :79S.34E-03 
FLUX  BASED  RAYLEIGH  NUMBER  -  E-8  IS:  302.04E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  23S.21E-04 

A  63.2AE-02  I2.S2EH10  11.78E-00  7S.ISE-02 

TEMPERATURE  BASED  RAYLFIGH  NUMBER  *  E-7  IS:  2S4.S9E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :781.28E-03 
FLUX  BASED  RAYLEIGH  NUMBER  -  E-8  IS:  299.33E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  237. BSE-04 

B  S9.S3E-02  12.54E  +  (T0  12.08E-00  79.88E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  -  E-7  IS:  24S.36E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :73B.47E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E~8  IS:  300.I3E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  236.S8E-04 

6  S3.4nE-Cl2  I3.34E  +  00  11.3SE+00  7B.14E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  -  E-7  15:  2BS.31E-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :75t.07E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  302.30E-Q3 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  237.02E-04 

7  70.24E-02  13.12E-00  H.70E-00  7S.40E-02 

TEMPERATURE  BASED  RAYLEIC-H  NUMBER  -  E-7  IS:  2S1.31E-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  : 763 . G2E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  30B.62E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  233.86E-04 

8  70 . SBE -02  12.88E-00  M.95E  +  00  77.32E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  »  E-7  IS:  2SB.8SE-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :777.86E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  30S.G9E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  233.IGE-04 

9  S9.97E-02  12.44E-00  12.2GE-00  80.S4E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  24G.04E-03 

7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  : 80S . 1 0E -03 
FLUX  BASFD  RAYLEIGH  NUMBER  »  E-8  IS:  30I.64E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  23B.1 IE-04 
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TABLE  15 


REDUCED  DATA  FOR  INPUT  POWER  1.1  W 
BOTTOM  BOUNDARY  INSULATED 


THE  RAW  Em  DATA  ARE  FROM  THE  FIlE:  PSPSTOHi 

THE  FONER  SETT  I  HE-  PER  CHIP  NAS:  U  WATTS 


ONE  T i U ) 


T  a^a- T? 


I  hi 


7.DNC  IN  Nu 


10.S4E- n  1  7 .  E  3E  >00  13.52E+00  57.17E-A2 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  365.80E-03 
7.  UNGER  ! A  IN  T  Y  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :5/1.25E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  494.53E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  226.93E-0A 

10  83E-0T  17.1AE+O0  13.77E+00  58 . 29E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  3S7.49E-03 
7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASES  RAYLEIGH  HUMBER  IS  :S8c.43E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  432.30E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  227.1AE-04 

10.3'E-PI  1B.77E+On  10. 095*00  53.75E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  «  E-7  IS:  3A7.T7E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :S97.04E-03 
FLUX  PASED  RAYLEIGH  HUMBER  *  E-8  IS:  ^89.0'E-03 
7  UNCERTAINTY  IN  FI  UX  BASED  RAYLEIGH  NUMBER  IS:  227.58E-0A 

IQ.70E-01  T7.30EHTO  !3.S2E'00  57.:3C-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *•  E-7  IS:  350.1AE-03 
7  UNCERTAINTY  IN  THE  TEMFERATURE  BASED  RAYLEIGH  HUMBER  IS  :S78.80E-03 
FLUX'  BASED  RAYLEIGH  NUMBER  *  E-R  IS:  087.09E-0? 

7  UNCERTAINTY  IN  CLUX  BASED  RAYLEIGH  NUMBER  IS:  2..9.8SE-04 

10  7SE-01  1E.78E+00  14.00E+00  59.71E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  ‘  E-7  IS:  337.02E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  PASED  RAYLEIGH  NUMBER  Ij  :59b.6/E-0.. 
FLUX  BASED  RAYLEIGH  HUMBER  -  E-8  IS:  48S.30E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  c28.88E-0A 

HI .  73E -Q  t  '  8 . 70E  *00  I4.03E+00  B0.00E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  305.05E-U3 
7  UNCERTAINTY  IN  THF  TEMPERATURE  BASED  RAYLEIGH  NUMBER  lo  :5.i9.58E-03 
FLUX  BASED  RAYLEIGH  NUMBER  »  E-R  IS:  82E-03 

7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  229.37E-0O 

10.87E-U1  17.615*00  13.S0E»00  __  56.91E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  357. 76E  03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :Sb8.bbE-0. 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  496.47E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  ccb.oOE-OO 

TO  90E-01  17.Z2E+00  13.35E*00  58.21E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  358.03E-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  .581 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  A95.81E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  22S.59E-QA 

1O.81E-01  16.615*00  1  A . 23E  *  00  60.32E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  343.295-03 
7  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :602. 77E-0. 
pi  117.  CASED  RAYLEYGH  NUMBER  ♦  E-8  IS:  488.34E-03 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  227.49E-04 


.  63E-03 
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TABLE  16 


REDUCED  DATA  FOR  INPUT  POWER  3.0  W 
BOTTOM  BOUNDARY  INSULATED 


JHE  RAW  Ent  PATH  ORE  FROM  THE  FILE:  0ST3 1 3 1 0 

THE  POWER  SETTING  PER  CHIP  WAS:  3.0  WATTS 

‘.HIP  OWE  T  ( W )  Tavg-Ts  Mu  XUNC  IN  Mu 

1  29.7«E-ni  41.31E+00  1 6 . 0 1  E  +  00  2*..' TIE-03 

TFMPERATiiPF  BASED  RAVIFIGH  NIIMBFR  +  F-7  IS:  M0.90E-02 

7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :  .  dUt-ug 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-R  IS:  177.54E-D2 

7.  UNCER  TAINT  Y  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  202.S7E-OA 

2  29.77E-0I  40.60E+00  16.28E+00  24.74E-0 2 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  108.25E-02 

7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :246.S4E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  T76.18E-D2 
7  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  202.65E-04 

3  29. 72E-01  39.13E+0n  16.84E+00  2S.G6E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  -  E-7  IS:  102.R4E-02 

7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  .'255.82E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  I  73 . 2 1 E'02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  203. DIE-DA 

A  23.A2E-0I  AO. 5  IE +00  1  6 . 1 2E  +  00  2A.79E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  107.92E-02 
y.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :2A7.08E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-R  IS:  173.98E-02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  20S.02E-0A 

S  29.SSE-01  39.52E+00  16.S9E+00  25.A1E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  +  E-7  IS:  I0A.27E-02 
7.  UNCERTAINTY  IN  I  HE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :2S3.28E-03 
FLUX  BASED  RAYLEIGH  NUMBER  »  E-R  IS:  I72.9AE-02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  20A.15E-0A 

S  29.AAF-01  A1.1SE+00  15.S9E+0O  2A.A2E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  110.27E-02 
7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :243.29E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-8  IS:  17S.19E-02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  204.93E-04 

7  29.87E-01  41.778*00  1S.B9E+00  24.05E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  «  E-7  IS:  112.G?E-«2 

V.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :239.G4E-03 
FLUX  BASED  RAYLEIGH  NUMBER  -*  E-8  IS:  178.94E-02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  201.94E-0A 

8  29. 9SE-01  A0.95E+00  16.25E+00  24.S3E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  *  E-7  IS:  109.SGE-02 

7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :244.43E-03 
FLUX  BASED  RAYLEIGH  NUMBER  *  E-B  IS:  177.9RE-02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  20I.34E-04 

9  29.72E-01  33 . 63E+00  1G.64E*00  25.34E-02 

TEMPERATURE  BASED  RAYLEIGH  NUMBER  +  E-7  IS:  104.6SE-02 

7.  UNCERTAINTY  IN  THE  TEMPERATURE  BASED  RAYLEIGH  NUMBER  IS  :2S2.60E-03 
FLUX  BASED  RAYLEIGH  NUMBER  +  E-8  IS:  170. 1  IE-02 
7.  UNCERTAINTY  IN  FLUX  BASED  RAYLEIGH  NUMBER  IS:  203.00E-0A 
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TABLE  17 


TEMPERATURE  DATA  FOR  INPUT  POWER  0.1  W 
CHAMBER  WIDTH  =  30  mm 


RESULTS  ARE  STORED  IN  FILE:  10101810 


EXPERIMENT  CARRIED  OUT  AT 
AMBIENT  TEMP  (CELSIUS)  Or : 

BATH  TEMP  :  10  C-IO  C 

TEMPERATURE  READINGS  IN  DEGREE 


20.33 
S  CELSIUS 


CENTER 
CHIP  N0 1 :  12.806 
POEIER  (WATTS) 
CHIP  NO 2:  12.954 
POWER  (WATTS) 
CHIP  NO 3 T  13.099 
POWER  (WATTS) 
CHIP  N04:  12.760 
POWER  (WATTS) 
CHIP  NOS:  12.831 
POWER  (WATTS) 
CHIP  N06:  13.019 
POWER  (WATTS) 
CHIP  N07:  12.689 
POWER  (WATTS) 
CHIP  N08 :  13.039 
POWER  (WATTS) 
CHIP  NO 9:  T3.2S6 
POWER  (WATTS) 


TOP  RIGHT 

12.761  12.736 

.0983 

12.890  12,591 

.089 

12.956  00.000 

:  .0996 

12.731  12.536 

.0990 

12.894  12,836 

.  0993 

12.914  12.979 

.0995 

12.686  12.706 

.0992 

12.9/11  12.966 

.0990 

(3.114  12.834 

.0992 


LETT 

12.771 

B01 1UM 
12.616 

BACK 

15.431 

12.861 

12.816 

15.438 

12.906 

13.076 

15.451 

12.574 

12.484 

15.441 

12.82/1 

12.801 

15.446 

11.858 

12.746 

15.448 

12.684 

12.559 

15.445 

00.000 

12.901 

15.442 

13. 144 

13.144 

15.445 

HEAT  EXCHANGERS  TEMPERATURES: 
BOTTOM: 

top: 


right  CENTER  LETT 
09.967  10.012  09.93 
10.037  00.000  10.00 


BOCK  PLANE  TEMPERATURES 
T ( 55 ) :  12.656 

T ( 56 ) :  12.961 

f(57):  12.709 

T(74):  13.131 

T ( 75 ) :  13.561 

T ( 76 ) :  13.671 

T ( 7 7  )  :  13.366 


SOURCE  VOLTAGE:  1.225 

VO!  TAGE  TO  THE  HEATERS  : 
CHIP  #1 :  .972 

CHIP  #2:  1 .027 

CHIP  *3:  1 .022 

CHIP  *4:  1  .02/1 

CHIP  *5:  .960 

CHIP  »6:  1 .022 

CHIP  #7:  1 .023 

CHIP  #8:  1.023 

CHIP  *9:  1 .023 
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TABLE  18 


TEMPERATURE  DATA  FOR  INPUT  POWER  0.7  W 
CHAMBER  WIDTH  =  30  mm 


RESULTS  ARE  S1URED  IN  FILE:  1 0  f  70950 


24.70 


EXPERIMENT  CARRIED  OUT  AT 
AMBIENT  TEMP  (CELSIUS)  OP 
BATH  TEMP  :  10  C- 1 0  C 

TEMPERATURE  READINGS  IN  DEGREES  CELSIUS 


CHIP  N01  : 

POWER 
CHIP  N02: 
PflUFR 


CENTER 
21 .48 
(WAT  TS) 

22.18 
fUOT  TS) 


TOP  RIGHT 
21.22  21.08 
:  .708 

21. SO  18.45 

■  7  1  9 


LETT 
21  .31 


BOTTOM 

20.01 


21.41  20.88 


CHIP  N03:  22. SS  21.48  00.00 

POWER  (WATTS):  .718 

CHIP  N04:  21.68  21 .26  20.78 

POWER  (WATTS):  .715 

CHIP  NOS:  21.83  21.19  21 .S3 

POWFR  (WATTS):  .718 

CHIP  N06:  22.75  21 .81  22.07 

POWER  (WATTS):  .721 

CHIP  N07 :  21.14  20.83  21 .34 

POWER  (WATTS):  .719 

CHIP  N08:  22.00  21.42  21 .32 

POWER  (WATTS):  .718 

CHIP  N09:  22. GS  20.64  18.  IS 

POWER  (WATTS):  .717 


21  . 

56 

21  . 

.98 

21. 

,  12 

20, 

,37 

21  ■ 

,  74 

21  , 

.48 

20 . 

,  73 

20 

.  12 

20, 

.95 

19 

.34 

no, 

.00 

20 

.87 

22 

.02 

21 

.83 

BACK 

24.28 

24.34 

24.44 

24.39 

24.42 
24.48 
24.44 

24.43 
24.42 


HEAT  EXCHANGERS  TEMPERATURES: 
BOTTOM: 

TOP: 


RIGHT  CENTER  LETT 
09.922  10.017  09.972 
09.977  00.000  10.060 


BACK  PLANE  TEMPERATURES 
T (SS) :  IS. 191 
T(56):  IS. 611 
7(57):  14.26S 

T ( 74)  :  15.65! 

T(75>:  16.079 

T<76):  16.521 

T(77):  1S.3S0 


SOURCE  VOLTAGE:  3.288 
VOLTAGE  TO  THE  HEATERS  : 


CHIP 

*1 : 

2.610 

CHIP 

#2: 

2. 7S6 

CHIP 

*3: 

2.743 

CHIP 

#4 : 

2.747 

CHIP 

#5: 

2.597 

CHIP 

*6: 

2.741 

CHIP 

n  7: 

2.743 

CHIP 

*8: 

2.744 

CHIP 

*9: 

2.745 
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TABLE  19 


TEMPERATURE  DATA  FOR  INPUT  POWER  1.1  W 
CHAMBER  WIDTH  =  30  mm 


RESULTS  ARE  STORED  IN  FILE:  10 i 71/20 

EXPERIMENT  CARRIED  OUT  AT 

AMBIENT  TEMP  (CELSIUS)  OF:  25.94 

BATH  TEMP  :  10  C-10  C 

TEMPERATURE  READINGS  IN  DEGREES  CELSIUS 


CENTER 

TOP  RIGHT 

LEFT 

BOTTOM 

BACK 

CHIP  N01 : 

26.38 

2S.79  2S.94 

26.17 

24.21 

29.8S7 

POWER 

(WATTS) 

:  1.092 

CHIP  N02: 

27.34 

26.00  22.01 

26.17 

25.62 

29.96 

POWER 

(WATTS) 

:  1.099 

CHIP  N03: 

27.67 

2S.73  00.00 

26.08 

26.69 

30.11 

POWER 

(WATTS) 

1.1093 

CHIP  N04: 

26.74 

26.07  2S.S1 

26.00 

24.  B5 

30.02 

POWER 

(WATTS) 

:  1.103 

CHIP  NOS: 

29.78 

2S.86  26.40 

26.71 

26.35 

30.08 

POWER 

(WATTS) 

1.107 

CHIP  N06: 

27. SI 

2S.S4  26.74 

25.65 

24.17 

30.16 

POWER 

(WATTS) 

:  1.113 

CHIP  NO 7: 

2S.80 

25.40  26.18 

25.63 

22.98 

30.10 

POWER 

(WATTS) 

:  1.109 

CHIP  H08: 

27.06 

25 . 80  26.15 

00.00 

25.29 

30.11 

POWER 

(WATTS) 

:  1.109 

CHIP  N09: 

27.79 

24.71  21.36 

26 . 94 

26.60 

30.11 

POWER 

(WATTS) 

1.110 

HEAT  EXCHANGERS  TEMPERATURES: 

R 

IGHT  CENTER 

LEFT 

BOTTOM: 

09 

.924  10.015 

09.987 

TOP: 

10.010  00.000 

10.068 

BACK  PLANE  TEMPERATURES  : 

T ( 55 ) : 

16.88 

T(56)  : 

17.48 

T  ( 57  )  : 

15.70 

T(74); 

17.5? 

T ( 75 ) : 

18.00 

T ( 76  > : 

18.49 

T ( 77  ) : 

17.08 

SOURCE 

VOLTAGE:  4.085 

VOLTAGE 

TO  THE  HEATERS  : 

CHIP  *\ 

3.244 

CHIP  »2 

3.424 

CHIP  t>3 

3.408 

CHIP  »4 

3.413 

CHIP  0S 

3.228 

CHIP  *6 

3.406 

CHIP  07 

3.408 

CHIP  *8 

3.408 

CHIP  09 

3.408 
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TABLE  20 


TEMPERATURE  DATA  FOR  INPUT  POWER  1.5  W 
CHAMBER  WIDTH  =  30  mm 

RESULTS  ARE  STORED  IN  FILE:  10181020 

EXPERIMENT  CARRIED  OUT  AT 

AMBIENT  TEMP  (CELSIUS)  UP:  23.00 

BATH  TEMP  :  10  C-10  C 

TEMPERATURE  READINGS  IN  DEGREES  CELSIUS 


CENTER 

TOP  RIGHT 

LEE! 

BOTTOM 

BA 

CHIP  NO!: 

33.07 

32. SO  32.62 

32.72 

29.91 

3S.SS 

POWER 

(WATTS) 

1  . 080 

CHIP  N02 : 

30.32 

32.62  27.17 

32. 7S 

31.80 

3S.68 

POWER 

(WATTS) 

:  1.093 

CHIP  N03: 

30.63 

32.10  00.00 

32.62 

33.39 

3S .  89 

POWER 

(WAITS) 

:  1.S077 

CHIP  NOO: 

33 .  S6 

32.00  31.90 

32.09 

30.83 

3S.79 

POWER 

(WATTS) 

:  1.S01 

CHIP  NOS: 

33.39 

32.19  32.67 

33.16 

32.60 

3S.87 

POWER 

(WATTS) 

:  1.S06 

CHIP  N06: 

30.02 

31.20  33.07 

32 . 0 1 

29. S9 

3S.97 

POWER 

(WATTS) 

1.513 

CHIP  N07: 

32.02 

30.79  32.07 

31  .  73 

2  7.98 

36 . 89 

POWER 

(WATTS) 

:  1.S08 

CHIP  noo: 

33.89 

32 .28  32.71 

00.00 

31.39 

3S.89 

POWER 

(WATTS) 

1.S07 

CHIP  N09: 

30.69 

31.22  26.00 

33.01 

33.00 

36 . 88 

POWER 

(WATTS) 

:  1  .  SO  7 

HEAT  EXCHANGERS  TEMPERATURES’. 

RIGHT 

CENTER 

LEFT 

BOTTOM: 

10.027 

10.098 

10.073 

TOP: 

10.108 

00.000 

10.126 

BACK  PLANE  TEMPERATURES  : 

T(SS) :  19. S3 

T(S6):  20. 2S 

T(S7>:  17.80 

T(70):  21.09 

T(7S):  20.76 

T ( 76 ) :  21.07 

T<77):  19.69 

SOURCE  VOLTAGE:  0.767 

t 

VOLTAGE  TO  THE  HEATERS  : 


CHIP 

#1 : 

3.787 

CHIP 

#2: 

3.997 

CHIP 

#3: 

3.979 

CHIP 

*0 : 

3.983 

CHIP 

*5: 

3.767 

CHIP 

*6 : 

3.97S 

CHIP 

*7: 

3.979 

CHIP 

#8: 

3.979 

CHIP 

*9: 

3.979 

THESE  RESULTS  ARE  NOW  St  OREO  ON  DISK  'EAST  SCAN 
PILE:  30MM10R 
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TABLE  21 


TEMPERATURE  DATA  FOR  INPUT  POWER  2.5  W 
CHAMBER  WIDTH  =30  mm 


RESULTS  ARE  S  HIRED  IN  FILE:  10182338 

EXPERIMENT  CARRIED  HUT  AT 

AMBIENT  TEMP  (CELSIUS)  Ur :  23.17 

BATH  TEMP  :  1  0  C 

TEMPERATURE  READINGS  IN  DEGREES  CELSIUS 


CENTER 

TOP  RIGHT 

LEFT 

BOTTOM  PACK. 

CHIP  Not: 

42.47 

41.80  41.39 

42.04 

37.20  49.73 

POWER 

(WATTS) 

2.461 

CHIP  N02: 

40.31 

40.93  41.68 

41  .68 

40.14  49.93 

POWER 

(WATTS) 

2.4  75 

CHIP  N03: 

44.77 

41.10  00.00 

41.43 

42.66  50.28 

POWER 

(WATTS) 

2.4985 

CHIP  N04: 

42.78 

40.79  40.47 

41.00 

38.73  50.08 

POWER 

(WAITS) 

2.485 

CHIP  NOS: 

42.58 

42.08  41.60 

42.36 

41.83  50.20 

POWER 

(WATTS) 

2.494 

CHIP  N06: 

42.77 

38.65  41.30 

41.37 

35.79  50.41 

POWER 

(WATTS) 

:  2.507 

CHIP  NO 7: 

40.63 

39.59  41.08 

40.51 

34.17  60.25 

POWER 

(WATTS) 

2.497 

CHIP  N08: 

42 . 02 

39.95  40.79 

00.00 

37.88  50.27 

POWER 

(WATTS) 

2.498 

CHIP  N09: 

42.77 

37.10  41.32 

41.32 

40.60  50.24 

POWER 

(WATTS) : 

2.496 

HEAT  1 

lXchhNGER 

tS  TEIIElHAHIRlS. 

RICH!  CENTER  LEFT 

BOTTOM: 

10. 

020  10.110  10.065 

top: 

09. 

748  00.000  10.015 

BACK  ! 

PLANE  TEMPERATURES  : 

T  (55 1 

21  .28 

T  (56 ) 

22-1 0 

7(57) 

18.47 

T(74) 

23.34 

T  ( 75 ) 

22.77 

T(  76) 

23.81 

7(77) 

21 . 70 

t 

SOURCE  VOLTAGE:  8.  M2 
VOLTAGE  TO  THE  HEAIERS  : 


CHIP 

*1 : 

4.881 

CHIP 

*2: 

5.  152 

CHIP 

#3: 

5.128 

CHIP 

*4 : 

5.135 

CHIP 

*5: 

4.859 

CHIP 

#6: 

5.124 

CHIP 

» 7 : 

5.129 

CHIP 

*8: 

5.129 

CHIP 

03: 

5.129 
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TABLE  22 


TEMPERATURE  DATA  FOR  INPUT  POWER  3.0  W 
CHAMBER  WIDTH  =  30  mm 


RESULTS  ARE  STORED  IN  FILE:  1 023??,? 4 

EXPERIMENT  CARRIED  OUI  AT 

AMBIENI  ICMP  (CELSIUS)  0 r :  22.83 

BATH  TEMP  :  10  C 

TEMPERATURE  READINGS  IN  DECRIES  CELSIUS 


CENTER 

TOP  RIGHT 

LETT 

BOTTOM 

BACK 

CHIP  N0 1  : 

50.66 

49.62  49.07 

49.97 

43.61 

5  7.87 

POWER 

(WATTS) 

:  3.022 

CHIP  N02: 

52.71 

47.72  43.42 

49.42 

46.37 

58.  TO 

POWER 

(WATTS) 

:  3.038 

CHIP  N03: 

52.51 

48.65  00.00 

4  7.22 

49.8  7 

68.53 

POWER 

(WATTS) 

:  3.0672 

CHIP  N04: 

51.15 

47.96  48.59 

48.79 

46.00 

58.30 

POWER 

(WAITS) 

:  3.051 

CHIP  NOS: 

50.48 

48.36  49.36 

50.54 

48.61 

68.4  7 

POWER 

(WATTS) 

3.063 

CHIP  N06: 

51  .67 

42.16  48.38 

4  7.63 

46.09 

68.70 

POWER 

(WATTS) 

:  3.079 

CHIP  N07: 

48.27 

46.25  48.70 

48. 0  7 

39.78 

68.52 

POWER 

(WATTS) 

:  3.066 

CHIP  N00: 

49.  10 

45.58  48.05 

00.00 

44.02 

58.53 

POWER 

(WATTS) 

:  3.067 

CHIP  NO 9: 

50.71 

41.39  43,01 

43.01 

45.34 

58.49 

POWER 

(WATTS) 

:  3.064 

HEAT 

EXCHANGERS  TEMPERATURES: 

RIGHT 

CENTER 

LET  1 

BOTTOM: 

10.057 

10.166 

10.176 

TOP: 

10.073 

00.000 

10.163 

BACK  PLANE  TEMPERATURES  : 

1(55):  24.7 S 

1(56):  26.51 

T ( 57 ) :  22. G4 

T(74):  28.00 

T ( 75 ) :  26 . 95 

T  C  76) :  28.63  t 

T ( 7  7  )  :  25.41 

SOURCE  VOLTAGE:  6.807 

VOLTAGE  TO  THE  HEATERS  : 


CHIP 

»\ : 

5.411 

CHIP 

#2: 

5.712 

CHIP 

*3: 

5.685 

CHIP 

#4: 

5.692 

CHIP 

*5: 

5.385 

CHIP 

«  6: 

5.680 

CHIP 

*7 : 

5.685 

CHIP 

#8: 

5.685 

CHIP 

*9: 

5.686 
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TABLE  23 


REDUCED  DATA  FOR  INPUT  POWER  0.1  W 
CHAMBER  WIDTH  =  30  mm 


jHF  ROM  [  frj  f  Hftlfl  ARE  FROM  1  (IF  FILL:  1  0  1 B  1 8 1  0 

t  Hf  EITHER  SLT1IMG  PF  R  (IMF'  MAS:  0.1  W 

THE  pisimiCE  10  IMF.  FRUIT  WALL  WAS  30  MM 


CM  If'  Of  IF  ITU  lava  1? 


Out 


Uu2 


.10  2.1  6  23. 19  10.86 

FI  MX  PORED  RAYLEIGH  MUMPER  «  E-9  IS: 
AVERAGE  IE  MPERAlMRE :  13.001 
SINK  TEMPERATURE:  10.100 


.31 


.10  2.82  2 2.11 

FT  MX  POSED  RAYLEIGH  DUMPER  *  E-9 
OVFROGE  IF MPEROlURE:  12.926 
SINK  IFHPEROrURE:  1n- 100 


10.66 

IS:  .31 


,10  3.0/1  21.32  9.3P 

TTUX  POSED  RAYLEIGH  MUMPER  *  F  -9  IS: 
OVFROr-F  IF  MPEROlURE:  13.  100 
SINK  TEMPERATURE :  10.100 


10  2.63  20.0 8  11-06 

FI  MX  POSED  RAYLEIGH  MUMPER  *  F  9  IS: 
AVERAGE  TEMPERA  TURF:  12.7  30 
SINK  TEMPERATURE:  10.100 

.10  2.83  2?  .P'2  10.68 

flUX  BASF D  RAYLEIGH  HAMPER  *  E-9  IS: 
OVERACT  if MPEROlURE :  12.930 
SIMK  TEMPERATURE:  10.  IPO 

.10  2.68  20.11  11.28 

ri  i IX  PASfD  RA YE E  T GH  MUMPER  *  E-9  IS: 
AVERAGE  IE MPEROlURE :  12.788 
SINK  TEMPERATURE:  10.100 

.10  2.68  20.10  11. 2§ 

El  UK  POSED  RAYLEIGH  MUMPER  *  E-9  IS: 
AVERAGE  TEMPERATURE :  12.782 
SIMK  TEMPERATURE:  10.100 


8  .10  2.93  21 .SB  1 

ElUX  BASED  RAYLEIGH  MUMPER  "  E-9  IS: 
AVERAGE  TEMPERATURE:  13.089 
SIMK  1FHPERA IURF :  10.100 


10  9.10  20.80  9.7S 

El  MX  BASED  RAYLEIGH  1IMMPER  *  E-9  IS: 
AVERAGE  TEMPERATURE:  13.202 
SIMK  If  MPf  RAM.IRI  :  ’0.100 
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TABLE  24 


REDUCED  DATA  FOR  INPUT  POWER  0.7  W 
CHAMBER  WIDTH  =  30  mm 


I  HE  ROW  r..,f  DOTH  ORE  f  ROM  THE  FILE:  10170950 

THE  POWER  RETTING  PER  CHIP  WOS:  0.7  W 

THE  DISTANCE  TO  THE  E RON f  WALL  WAS  30  HN 

CHIP  ONE  HID  Tavo-T?  Mu  I  Nu2 

1  .70  11.2?  00.07  13.1? 

riEIX  BASED  RAYLEIGH  NUMBER  ■*  E-9  IS:  2.01 

AVERAGE  TEMPERATURE:  21.294 

SINK  TEMPERATURE:  10.073 

2  .71  10.3?  A? . 9 3  19.75 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.42 

AVF  RAGE  TEMPERATURE:  20.9911 

SINK  TEMPERATURE:  10.073 

3  .71  12.11  38.48  18.00 

FlUX  BASED  RAYLEIGH  NUMBER  <  E-9  IS:  2.48 

AVERAGE  TEMPERATURE:  22.18S 

SINK  TEMPERATURE:  10.073 

4  .71  11.20  41.37  19.36 

FHJX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.44 

AVERAGE  TEMPERATURE:  2\ .273 

SINK  TEMPERATURE:  10.073 

5  .71  11.71  39.73  18. S3 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.46 

AVERAGE  TEMPERATURE:  21.783 

SINK  TEMPERATURE:  10.073 

6  .72  11.81  39.61  18. S3 

FlUX  BASED  RAYLEIGH  NUMBER  <  F.-9  IS:  2.48 

AVERAGE  TEMPERATURE:  21.878 

SINK  TEMPERATURE:  10.073 

7  .71  10.99  42.38  19.84 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.45 

AVF  RAGE  TEMPERATURE:  21.066 

SINK  TEMPERATURE:  10.073 

8  .71  11.61  40.07  18.75 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.46 

AVERAGE  TEMPERATURE :  21.685 

SINK  TEMPERATURE:  10.073 

9  .71  11.16  41.64  19.48 

FlUX  BASED  RAYLEIGH  NUMBER  »  E-9  IS:  2.44 

AVERAGE  TEMPERATURE:  21.235 

SINK  TEMPERATURE:  10.073 


TABLE  25 


REDUCED  DATA  FOR  INPUT  POWER  1.1  W 
CHAMBER  WIDTH  =  30  mm 


T  HE  RAN  Enf  DA  I A  ARE  FROM  TME  FILE:  10171720 

THE  rOMER  SETTING  E'ER  Cf  1 1 P  WAS :  1.1  H 

THE  DISTANCE  TO  THE  FRONT  WALL  WAS  30  MN 

CHIP  ONE T ( N )  Tavq-Ts  Nul  Uu2 

1  1.08  16.00  44.33  20.74 

El  UK  RASED  RAYLEIGH  NUMBER  *  E-9  IS:  3.93 

AVERAGE  TEMPERATURE :  26.083 
SINK  TEMPERATURE:  10.08S 

2  1.09  IS. 48  46.12  21.58 

FlUX  RASED  RAYLEIGH  MUMPER  «  E~9  IS:  3.94 

AVERAGE  TEMPERA T URE :  2S.S62 

SINK  TEMPERATURE:  10.085 

3  1.10  16.83  42.84  20.04 

FlUX  BASED  RAYLEIGH  MUMPER  *  E-9  IS:  4.03 

AVERAGE  TEMPERATURE:  26.917 

SINK  TEMPERATURE:  10.085 

4  1.09  16.06  44.67  20.90 

FlUX  BASED  RAYLEIGH  MUMPER  «  E-9  IS:  3.98 

AVERAGE  TEMPERA  HIRE:  26.136 

SINK  TEMPERATURE:  10.085 

5  1.10  17.57  40.98  19.17 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  4.06 

AVERAGE  TEMPERATURE:  27.657 

SINK  TEMPERA  1 URE :  10,085 

6  1.10  16.42  44.03  20.60 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  4.03 

AVERAGE  TEMPERATURE:  26.509 

SINK  TEMPERATURE:  10.085 

7  1.10  15.60  46.18  21.60, 

FlUX  BASED  RAYLEIGH  MUMPER  »  E-9  IS:  3.98 

AVERAGE  TEMPERATURE:  25.688 

SINK  TEMPERATURE:  10.085 

8  1.10  16.43  43.88  20.53 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  4.02 

AVERAGE  TEMPERATURE:  26.519 

SINK  TEMPERATURE:  10.085 

9  1.10  15.63  46.12  21.58 

FLUX  BASED  RAYLEIGH  NUMBER  «  E-9  IS:  3.98 

AVERAGE  TEMPERATURE:  26.717 

SINK  TEMPERATURE:  10.006 
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TABLE  26 


REDUCED  DATA  FOR  INPUT  POWER  1.5  W 
CHAMBER  WIDTH  =  30  mm 


T HE  RAW  Emf  DATA  ARE  FROM  THE  FILE:  10211130 

THE  POWER  SETTING  RER  CHIP  HAS:  1.5  W 

THE  DISTANCE  TU  THE  PROMT  WALL  WAS  30  MM 

CHIP  QNET(W)  lava- Ip  Mu  I  Nu2 

1  1 . 52  22.39  44.65  20.89 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  5.94 

AVERAGE  TEMPERATURE:  32.569 

SINK  TEMPERATURE:  10.180 

2  1.53  21.80  46.10  21.57 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  5.94 

AVERAGE  TEMPERATURE:  31.978 

SINK  TEMPERATURE:  10.180 

3  1.54  24.07  42.22  19.75 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  6.15 

AVERAGE  TEMPERATURE:  34.252 

SINK  TEMPERATURE:  10.180 

4  1.54  22.27  45.37  21.23 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  6.00 

AVERAGE  TEMPERATURE:  32.450 

SINK  TEMPERATURE:  10.180 

5  1.54  23.39  43.35  20.28 

FtUX  BASED  RAYLEIGH  HUMBER  *  E-9  IS:  6.09 

AVERAGE  TEMPERATURE:  33.574 

SINK  TEMF’ERAIURE:  10.180 

6  1.55  22.61  45.06  21.08 

FlUX  BASED  RAYLEIGH  NUMBER  «  E-9  IS:  6.07 

AVERAGE  TEMPERATURE:  32.788 

SINK  TEMPERATURE:  10.180 

7  1.54  21.66  46.86  21.92* 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  5.99 

AVERAGE  TEMPERATURE:  31.837 

SINK  TEMPERATURE:  10.180 

8  1.54  22.30  45.54  21.30 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  6.03 

AVERAGE  TEMPERATURE:  32.482 

SINK  TEMPERATURE:  10.180 

9  1.54  20.60  49.26  23.05 

FLUX  BASED  RAYLEIGH  HUMBER  *  E-9  IS:  5.92 

AVERAGE  TEMPERATURE:  30.782 

SINK  TEMPERATURE:  10.180 


100 


TABLE  27 


REDUCED  DATA  FOR  INPUT  POWER  2.5  W 
CHAMBER  WIDTH  =30  mm 


JHE  RAM  Emf  DATA  ARE  FROH  IIIF  FlLE^  101823.8 

1HI  MM 


CHIP  QNF 1  HA  Tavg-Is 


1  KUX  BASEL)  RAYLEIGiVmUMBEr’*  E-9  IS:  10.5^ 

AVERAGE  1EMPERAIURE:  -S98 

SINK  TEMPERATURE:  10.087 

2  FLUX  BASED  RAYLE  JGH^UMPER^E' -9  IS:  10. AA 

AVERAGE TEMPERATURE:  AO  331 

SINK  TEMPERATURE:  TO. 087 

3  FlUX  BASED  RAYLE!G|VmUMDErVe-9  IS:  »0.86 

AVT  RAGE  TEMPERATURE  :  03.1 13 

SINK  TEMPERATURE:  10.087 

4  mix  GnsED  RnvLr!(J'Hi'HEit^;lt-9  is:  '°-6« 

AVFRAGE  TEMPERATURE  'U.3S6 
SINK  TEMPERATURE:  10.087 

r  ?  til  32  18  SO. 86  83.  79 

EE UX  BASED  RAYLEIGH  NUMBER*  E-9  IS:  '0- 

AVERAGE  ILMPERA1URE:  02.277 
SINK  TEMPERATURE:  10.087 

6  mix  onsto  is?  ,0-6fl 

AVFRAGE  TEMPERATURE.  - r1 -22S 
SINK  TEMPERATURE:  10.087 

7  FLUX  BASED  RAYLE  IGTMIUMBER  Vl'9  IS:  10. S2 

AVFRAGE  TEMPERATURE:  00.189 

SINK  TEMPERATURE:  10.087 

8  mm  BRSEO  RflYLUGmiUHIIFR^E-D  IS?4  l»-62 

AVERAGE  TEMPERATURE:  A 1  .023 
SINK  TEMPERA IURE :  10.087 

9  2.08  28.90  56. SI  26.40 

mix  PflSEP  PAILEIW  HIJHBtR  •  t-3  IS.  t°’3' 
AVERAGE  TEMPERATURE:  39.028 

S I UK  TEMPERATURE:  10.087 


TABLE  28 


REDUCED  DATA  FOR  INPUT  POWER  3.0  W 
CHAMBER  WIDTH  =  30  mm 


THE  ROW  Emf  Df)  f  ft  ARE  FROM  THE  E  ILF  :  10191310 

THE  POWER  SETTING  PER  (HIP  WAS:  3.0  II 

THE  DISTANCE  TO  THE  FRONT  HALL  WAS  30  MM 

CHIP  ONE  T ( N )  Tavg-Ts  Nu I  Hu2 

1  2.96  30.29  SI. 38  24.03 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  13.73 

AVERAGE  TEMPERATURE:  48.440 

SINK  TEMPERATURE:  10. ISO 

2  2.98  36. SO  54.14  2S.33 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  13. S6 

AVERAGE  TEMPERATURE:  46.657 

SINK  TEMPERATURE:  10.154 

3  3.01  38. BO  SI. SO  24.10 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  14.03 

AVERAGE  TEMPERATURE:  4R.959 

SINK  IEMPERATURE:  10.154 

4  2.99  38.03  52.27  24.46 

FLUX  BASED  RAYLEIGH  NUMBER  *  F-9  IS:  13.8S 

AVERAGE  TEMPERATURE:  48. IBS 

SINK  TEMPERATURE:  10.154 

5  3.00  38.62  SI. 66  24.17 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  13.98 

AVERAGE  TEMPERATURE:  48.777 

SINK  TEMPERATURE:  10.1S4 

6  3.02  36.60  54.74  25.61 

FLUX  BASED  RAYLEIGH  NUMBER  »  E-9  IS:  13.76 

AVERAGE  TEMPERATURE:  46.7SS 

SINK  TEMPERATURE:  10.154 

7  3.01  36.49  54.71  25.60* 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  13.69 

AVERAGE  TEMPERATURE:  46.642 

SINK  TEMPERATURE:  10.154 

8  3.01  36.62  54.55  25. 5? 

T LUX  BASED  RAYLEIGH  NUMBER  ■*  E-9  IS:  13.72 

AVERAGE  TEMPERATURE:  46.771 
SINK  TEMPERATURE:  10.154 

9  3.01  33.27  59. PB  28.01 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  13.23 

AVFRAGE  TEMPERA  JURE :  43.421 

SINK  TEMPERATURE :  10.154 
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TABLE  29 


TEMPERATURE  DATA  FOR  INPUT  POWER 
CHAMBER  WIDTH  =  9  mm 


RESULTS  ARE  STORED  IN  FIEF:  11050029 

EXPERIMENT  CARRIED  OUT  Of 

AMBIENT  TEMP  (CELSIUS)  OP:  22.78 

BATH  TEMP  :  in  C 

TEMPERATURE  READINGS  IN  DEGREES  CELSIUS 


CENTER 

TOP  RIGHT 

LEFT 

BOTIOM 

CHIP  N0 1 : 

14.34 

14.25  14.16 

14.24 

14.08 

POWER 

(WATTS) 

:  .097 

CHIP  N02: 

14.48 

14.33  1 4 . 32 

14.32 

14.22 

POWER 

(WATTS) 

.098 

CHIP  N03: 

14.58 

14.53  14.49 

14.48 

14.54 

POWER 

(WATTS) 

.0989 

CHIP  N04: 

14.39 

14.25  14.10 

14.  12 

14.02 

POWER 

(WATTS) 

.099 

CHIP  NOS: 

14.43 

15.89  14.33 

14.37 

14.26 

POWER 

(WATTS) 

.099 

CHIP  N06: 

14.65 

14.37  00.00 

14.24 

14.58 

POWER 

(WATTS) 

.099 

CHIP  N07: 

14.13 

14.14  14.19 

14.17 

14.08 

POWER 

(WAT  IS) 

.099 

CHIP  N08: 

14.59 

14.41  14.42 

00.00 

14.24 

POWER 

(WATTS) 

.099 

CHIP  N09: 

14.71 

14.28  16.01 

16.01 

14.46 

POWER 

(WATTS) 

.099 

HEAT  EXCHANGERS  TEMPERATURES: 

RIGHT 

CENTER 

BOTTOM: 

09.914 

09.967 

TOP: 

10.011 

00.000 

BOCK  PLANE  TEMPERATURES 
T (55 ) :  12.97 

T (56) :  13.12 

T  (  7 -A  )  :  13.52 

T ( 75 ) :  13.83 

1(76):  13.99 

T ( 77 ) :  13.25 

SOURCE  VOLTAGE:  1.219 

VOLTAGE  TO  THE  HEATERS  : 
CHIP  »\ :  .967 

CHIP  *2:  1 .021 

CHIP  #3:  1.016 

CHIP  *4:  1.017 

CHIP  *5:  .962 

CHIP  #6:  1.015 

CHIP  #7:  1.015 

CHIP  *8:  1.015 

CHIP  *9:  1.016 


O.l  w 


BACK 

M.no 

14.54 

14.64 
14.45 
14.49 
14.71 
14.19 

14.65 
I  4  .  7  7 

LETT 

09.965 

10.392 
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TABLE  30 


TEMPERATURE  DATA  FOR  INPUT  POWER  0.7  W 
CHAMBER  WIDTH  =  9  mm 


RESULTS  ARE  STORED  IN  FILE:  11062057 

EXPERIMENT  CARRIED  OUT  AT 

AMBIENT  TEMP  (CELSIUS)  Or :  20. SI 

BATH  TEMP  :  10  C 

TEMPERATURE  READINGS  IN  DF GREFS  CELSIUS 


CENTER 

TOP  RIGHT 

LEFT 

BOTTOM 

BACK 

CHIP  NO  1 : 

23.48 

2 3.27  22.85 

23.21 

21.49 

23.88 

POWER 

(WATTS) 

:  .696 

CHIP  N02: 

24.85 

23.75  23.74 

23.74 

23.07 

25.26 

POWER 

(WATTS) 

:  .701 

CHIP  N03: 

24.78 

24.57  24.32 

23.70 

24.51 

25.19 

POWER 

(WATTS) 

:  .7050 

CHIP  N04: 

23.92 

22.97  22. B2 

22.78 

21 .37 

24.32 

POWER 

(WATTS) 

:  .  703 

CHIP  NOS: 

24.7  7 

23.82  24.12 

24.42 

23.69 

25.17 

POWER 

(WATTS) 

:  .705 

CHIP  N06: 

25.92 

23.76  00.00 

23.15 

25.35 

26.33 

POWER 

(WATTS) 

:  .  709 

CHIP  N07: 

23.12 

22.57  23.13 

22.84 

21  .02 

23.53 

POWER 

(WATTS) 

:  .707 

CHIP  N08 .’ 

24.84 

23.90  23.94 

00.00 

22.83 

25.25 

POWER 

(WATTS) 

:  .707 

CHIP  N09 : 

25.78 

22.75  19.26 

23.34 

24.30 

26.19 

POWER 

(WATTS) 

:  .706 

HEAT 

EXCHANGERS  TEMPERATURES: 

RIGHT 

CENTER 

LEFT 

BOTTOM: 

09.972 

10.070 

10.088 

TOP: 

10.047 

00.000 

10.137 

BACK 

PLANE  TEMPERATURES  : 

T(S5) 

15.1  7 

T  (SS ) 

15.45 

T  (  74 ) 

15.92 

T(  75) 

15.99 

T  (  76 ) 

16.29 

T  ( 77 ) 

15.68 

t 

SOURCE  VOLTAGE:  3.259 
VOLTAGE  TO  THE  HEATERS  : 


CHIP 

*\ : 

2.587 

CHIP 

#2: 

2.731 

CHIP 

*3 : 

2.720 

CHIP 

#4 : 

2.72  2 

-CHIP 

#5: 

2.575 

CHIP 

#6: 

2. 71  7 

CHIP 

* 7 : 

2.718 

CHIP 

*8: 

2.718 

CHIP 

*9: 

2.720 
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TABLE  31 


TEMPERATURE  DATA  FOR  INPUT  POWER  1.1  W 
CHAMBER  WIDTH  =  9  mm 


RESULTS  ARE  STORED  IN  FILE:  11022255 

21.11 

S  IN  DEGREES 

TOP 


EXPERIMENT  CARRIED  OUT  01 
AMBIENT  TEMP  (CELSIUS)  Or : 
BATH  TEMP  :  10  C 


US 


CENTER 

CHIP  NO  I :  28.92 
POWER  (WATTS) 
CHIP  N02:  31.27 
POWER  (WATTS) 
CHIP  N03.*  30 . 49 
POWER  (WATTS) 
CHIP  NO A:  29.63 
POWER  (WATTS) 
CHIP  NOS!  31.16 
POWER  (WATTS) 
CHIP  N06:  31 .91 
POWER  (WAITS) 
CHIP  NO 71  28 . 48 
POWER  (WATTS) 
CHIP  N08:  31 .20 
POWER  (WATTS) 
CHIP  N09 :  32.68 
POWER  (WATTS) 


BOTTOM: 

TOP: 


RIGHT 

28.61  28.26 
1 .093 

29.86  29.60 

1.100 

30 . 42  30.02 

1.1071 

28. AS  28.11 
1.104 

29.79  30.20 

1  .  107 

28.89  00.00 

1  .  1  1  A 

27.51  28 . AS 

1.112 

30.08  30.00 

1.111 

28.26  31.03 

1.110 


LETT 

28. S7 

BOTTOM 

25 . 7  7 

BACK 

29.87 

29.60 

28.52 

29.9? 

28.65 

30.37 

30.08 

27.89 

26.78 

30.  OA 

30.63 

29. 5A 

0f) .  08 

28.72 

31.17 

30.18 

29. 3A 

25.07 

30.15 

00.00 

28.01 

30.  1  A 

31.03 

30.57 

30.11 

RIGHT 

09.839 

09.863 

CENTER 

10.128 

00.000 

LETT 

10.2A 

09.95 

BACK  PLANE  TEMPERATURES 

T<55):  17.38 

T(S6):  17. SB 

T(74>:  18.00 

T(7S):  18.02 

7(76):  18.41 

7(77):  17.63 

SOURCE  VOLTAGE:  A. 086 

VOLTAGE  TO  THE  HEATERS  : 
CHIP  *1 :  3 . 2  A  A 

CHIP  «2\  3.A2S 

CHIP  *3:  3.411 

CHIP  #A:  3 . A 1 3 

CHIP  #5:  3.229 

CHIP  #6:  3.A06 

CHIP  * 7 :  3.A07 

CHIP  *8:  3.A08 

CHIP  #9:  3.A09 


105 


TABLE  32 


TEMPERATURE  DATA  FOR  INPUT  POWER  1.5  W 
CHAMBER  WIDTH  =  9  mm 


RtSULTS  ARE  STORED  IN  ERE:  11091225 


EXPERIMENT  CARRIED  OUT  AT 
AHBIENT  TEMP  (CELSIUS)  Or : 
BATH  TEMP  :  10  C 


21.83 


TEMPERATURE  READINGS  IN  DEGREE 
CENTER  TOP  RIGHT 

CHIP  NO  I :  38.71  36.38  35.78 

POWER  (WATTS) :  1 .483 

CHIP  NO 2:  38.97  36.79  37.06 

POWER  (WATTS) :  1 .497 

CHIP  N03:  38.33  37.92  37.67 

POWER  (WATTS):  1.S093 

CHIP  N04:  37.06  35.37  35. 16 

POWER  (WATTS) :  I .504 

CHIP  NOS:  38.29  36.57  37.  19 

POWER  (WATTS) :  1 .508 

CHIP  NOG:  39.40  35.38  00.00 

POWER  (WATTS)  :  1 .516 

CHIP  NO 7:  34.94  33.67  35.04 

POWER  (WATTS):  1.512 

CHIP  N08 :  38.18  35.83  36.98 

POWER  (WATTS):  1.512 

CHIP  N09:  39.71  34.80  28.60 

POWER  (WATTS):  1.511 

HEAT  EXCHANGERS  TEMPERATURES: 

BOTTOM: 

TOP: 


S  CELS 

IUS 

LETT 

BOTTOM 

36. 

,25 

32. 

76 

37, 

,06 

35. 

38 

34 

,98 

37, 

,83 

34, 

.59 

33, 

,41 

37 

.  75 

36, 

.20 

34 

.97 

38, 

.23 

34 

.46 

30, 

,18 

00 

.00 

34 

.50 

36 

.52 

36 

.09 

RIGHT 

09.828 

10.007 


CENTER 

09.977 

00.000 


BACK 

37.56 

39.83 

39.20 

37.92 

39.  16 

40.27 

35.81 

39.05 

40.58 

LEE  T 
10.040 
10.295 


BACK  PLANE  TEMPERATURES 

T (55) :  20.82 

T(56):  21.73 

T(74):  22.48 

T<75):  22.33 

T(76):  22.64 

T(77):  21.31 


SOURCE  VOLTAGE:  4.771 

VOLTAGE  TO  THE  HEATERS  : 
CHIP  #1 :  3.789 

CHIP  * 2 :  4.000 

CHIP  #3:  3.983 

CHIP  *4:  3.987 

CHIP  « 5:  3.772 

CHIP  #6:  3.979 

CHIP  #7:  3.981 

CHIP  *8:  3.982 

CHIP  #9:  3.983 
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TABLE  33 


TEMPERATURE  DATA  FOR  INPUT  POWER  2.5  W 
CHAMBER  WIDTH  =  9  mm 


RESULTS  ORE  STORED  IN  FILE:  I (082020 

EXPERIMENT  CP.RRIFD  OUT  AT 

AMBIENT  TEMP  (CELSIUS)  UK:  21.28 

BATH  TEMP  :  10  C 


TEMPERATURE  READINGS  IN  DEGREES  CELSIUS 


CENTER 

TOP  RIGHT 

LETT 

BOTTOM 

BACK 

CHIP  N0 1 : 

46.62 

4S.93  45.41 

46.08 

40.22 

48.05 

POWER 

(WATTS) 

:  2.504 

CHIP  N02: 

SO.  04 

46. IS  47.23 

47.23 

43.85 

51.48 

POWER 

(WATTS) 

:  2 . 520 

CHIP  N03: 

48.91 

48.75  48.04 

45.63 

48.30 

50.37 

POWER 

(WATTS) 

:  2 . 5388 

CHIP  N04: 

47.00 

43.52  44.22 

42.04 

41.35 

48.45 

EOWER 

(WATTS) 

:  2.531 

CHIP  NOS: 

48. 7  7 

46.61  47.23 

48.29 

45.89 

50.23 

POWER 

(WATTS) 

:  2.S38 

CHIP  N06: 

49.99 

44.34  00.00 

44.08 

48.  13 

51.45 

POWER 

(WATTS) 

:  2.552 

CHIP  NO 7 : 

43.36 

41.13  43.65 

42.69 

35.63 

44.82 

POWER 

(WATTS) 

:  2.544 

CHIP  N08: 

48.86 

45.42  47.09 

00.00 

43.  1  7 

50.32 

POWER 

(WATTS) 

:  2.S44 

CHIP  N09: 

49.89 

42. S4  34.29 

45.52 

45.93 

51.35 

POWER 

(WATTS) 

:  2.S41 

HEAT  EXCHANGERS  TEMPERATURES: 

RIGHT 

CENTER 

LET  I 

BO  MOM: 

09.859 

10.037 

10.110 

TOP: 

09.003 

00.000 

10.073 

BACK  PLANE  TEMPERATURES  : 
T (SS)  :  22. 9S 

T  <  56 ) :  24.01 

T(74):  24.80 

T <  75 )  :  24. S9 

T  <  76 ) :  24.97 

T  <  7  7  )  :  23.67 

SOURCE  VOLTAGE:  6. 193 

VOLTAGE  TO  THE  HEATERS  : 
CHIP  v\ :  4.921 

CHIP  a 2 :  S.193 

CHIP  a 3 :  S. 1 72 

CHIP  a 4:  S.176 

CHIP  #S:  4.897 

CHIP  a 6:  S.16S 

CHIP  al\  5.169 

CHIP  *8:  S.169 

CHIP  a 9:  S. 171 
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TABLE  34 


TEMPERATURE  DATA  FOR  INPUT  POWER  3.0  W 
CHAMBER  WIDTH  =  9  mm 


RESULTS  ARE  STORED  IN  TILE:  11072058 

EXPERIMENT  CARRIED  OUT  AT 

AMBIENT  TEMP  (CELSIUS)  Or :  21.00 

BATH  TEMP  :  IOC 

TEMPERA  HIRE  READINGS  IN  DEGREES  CELSIUS 


CENTER 

TOP  RIGHT 

LEFT 

BOl TOM 

BACK 

CHIP  N01 : 

55.97 

50.06  55.08 

55.59 

05.61 

57.66 

POWER 

(WATTS) 

:  2.938 

CHIP  N02: 

6!  .  12 

57.30  58.19 

58.19 

50.57 

62.82 

POWER 

(WATTS) 

:  2.957 

CHIP  N03: 

58.07 

58.50  57.89 

55.35 

58.30 

60.18 

POWER 

(WATTS) 

:  2.9770 

CHIP  NOO: 

57.35 

53.88  50.52 

50.33 

09.06 

59.05 

POWER 

(WATTS) 

:  2.969 

CHIP  N05 : 

58.98 

57.68  58.00 

59.  12 

56.79 

60.69 

POWER 

(WATTS) 

:  2.978 

CHIP  N06: 

61.17 

55.09  00.00 

55.89 

59.33 

62.89 

POWER 

(WATTS) 

:  2.993 

CHIP  N07: 

52.97 

51.59  53.50 

53.26 

03.01 

50.68 

POWER 

(WATTS) 

:  2.980 

CHIP  N08 : 

60.57 

57.20  59.10 

00.00 

50.97 

62.28 

POWER 

(WATTS) 

:  2.985 

CHIP  N09 : 

60.05 

53.52  06.33 

56.95 

56.66 

62.17 

POWER 

(WATTS) 

:  2.980 

HEAT  EXCHANGERS  TEMPERATURES: 

RIGHT 

CENTER 

LEFT 

BOTTOM: 

09.783 

10.022 

10.176 

TOP: 

09.816 

00.000 

10.063 

BACK  PLANE  TEMPERATURES 
T(SS):  32. 3S 
T  C  SB ) :  30. OS 

T<70):  35.59 

T ( 75 ) :  3S.08 

7(76):  35 . 20 

T (  7 7  )  :  33.52 

SOURCE  VOLTAGE:  6.715 

VOLTAGE  TO  THE  HEATERS  : 


CHIP 

*\ : 

5.339 

CHIP 

*2: 

5.633 

CHIP 

#3: 

5.611 

CHIP 

#0 : 

5.615 

CHIP 

*5: 

5.310 

CHIP 

*6: 

5.603 

CHIP 

#7: 

5.603 

CHIP 

0  8: 

5.607 

CHIP 

*9: 

5.608 
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TABLE  35 


REDUCED  DATA  FOR  INPUT  POWER  0.1  W 
CHAMBER  WIDTH  =  9  mm 


IMF.  RAW  Em f  DATA  ARE  FROM  THE  FILE:  110S0029 

THE  PURER  SEN  ING  PF  R  CHIP  WAS:  0.1  W 

THE  DISTANCE  10  IMF  FRONT  WALL  WAS  9  MH 

CHIP  ONE T ( W )  Tavg-  Is  Nul  Hu2 

1  .10  0.10  1 S . 1 9  7.11 

FUIX  CASED  RAYLEIGH  NUMBER  *  E-9  IS:  .30 

AVERAGE  TEMPERATURE:  10.202 

SINK  IEMPERA TORE :  10.139 

2  .10  0.08  IS. 38  7.19 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  -31 

OVERAGE  TEMPERATURE:  10.221 

SINK  TEMPERATURE:  10.139 

3  .10  0.33  10.03  6.7S 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  .31 

AVERAGE  TEMPERATURE:  I0.S2S 

SINK  TEMPERATURE:  10.139 

0  .10  0.07  IS. SO  7.27 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  .31 

AVERAGE  IEMPERA IURE:  10.20B 
SINK  TEMPERATURE:  10.139 

5  .10  0.36  10.S?  6.80 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  .31 

AVERAGE  TEMPERATURE:  10.097 

SINK  TEMPERATURE:  10.139 

6  .10  0.33  10.70  6.88 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  .31 

AVERAGE  IEMPERA IURE :  10.073 

SINK  TEMPERATURE:  10.139 

7  .10  0.01  IS. 86  7. 02f 

ELUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  .31 

AVERAGE  TEMPERATURE:  10.153 

SINK  TEMPERA IURE:  10.139 

8  .10  0.33  10.67  6.86 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  .31 

AVERAGE  TEMPERATURE:  10.071 

SINK  TEMPERA IURE:  10.139 

9  .10  0.S2  10.00  6.SS 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  .31 

AVERAGE  TEMPERA IURE:  10.660 

SINK  TEMPERATURE:  10.139 
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TABLE  36 


REDUCED  DATA  FOR  INPUT  POWER  0.7  W 
CHAMBER  WIDTH  =  9  mm 


THE  ROM  Em f  [min  ARE  F ROM  THE  FILE:  1I062US7 

THE  PONTR  SETTING  PER  CHIP  WHS:  0.7  l! 

THE  D IS T ONCE  TO  THE  ERONI  HALL  Hf>S  9  MM 

CHIP  GNET(U)  Tavq-L  Hu  1  Nu2 

1  .88  IT.  09  3/1.18  18.08 

FlUX  BUSED  RAYLEIGH  NUMBER  «  E  9  IS:  2.01 

AVERAGE  TEMPERATURE:  23.170 

SINK  TEMPERATURE:  10.1  OS 

2  .69  13.11  30.02  16.10 

FlUX  BASED  RAYLEIGH  NUMBER  »  E-9  IS:  2.03 

AVERAGE  TEMPERAIURf  :  23.2S1 

SINK  TEMPERATURE:  10.I0S 

3  .89  10.31  31. 7S  10.86 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2. OR 

AVERAGE  TEMPERATURE:  20.0S6 

SINK  TEMPERATURE:  t 0 . 1  OS 

0  .69  13.07  30.6?  18.20 

FlUX  BASED  RAYLEIGH  NUMBER  *  E  9  IS:  2.00 

AVERAGE  TEMPERATURE:  23.219 
SINK  TEMPERATURE:  10.1  OS 

5  .69  10.31  31.7S  10.86 

ElUX  BASED  RAYLEIGH  NUMBER  »  E-9  IS:  2.00 

AVERAGE  TEMPERATURE:  20.0S1 

SINK  TEMPERATURE:  10.105 

6  .70  10.65  31.20  10.60 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.50 

AVERAGE  TEMPERATURE:  20.790 

SINK  TEMPERATURE:  10.105 

7  .70  12.79  35.62  16.66 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.00 

AVERAGE  TEMPERATURE:  22.933 

SINK  TEMPERATURE :  10.105 

8  .70  10.17  32.16  15.00 

ELUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  2.08 

AVERAGE  TEMPERATURE:  20.313 

SINK  TEMPERATURE:  10.105 

9  .69  13.12  30.60  16.21 

TIUX  BASED  RAYLEIGH  NUMBER  »  E-9  IS:  2.05 

AVERAGE  TEMPERATURE:  23.266 

SINK  TEMPERATURE:  10.105 


TABLE  37 


REDUCED  DATA  FOR  INPUT  POWER  1.1  W 
CHAMBER  WIDTH  =  9  mm 


THE  ROM  Emf  DATA  ARE  f  ROM  T  ML  FILE:  11022255 

I  HE  POWER  3E  f II MC  PER  OIIP  WAS:  1.1  W 

THE  DISIONCE  TO  THE  FRONT  HOLE  WftS  9  MM 

CHIP  ONE  MW)  lava  Is  Mill  Nu? 

1  1.08  18.18  98.87  18.19 

FLUX  BORED  RAYLEIGH  NUMBER  *  E-9  15:  8.02 

OVERAGE  TEMPlROTURE:  28.977 

SINK  TEMPERATURE:  10.199 

2  1.08  18.8  T  98.19  17.87 

FLUX  POSED  ROYLE  IGH  NUMBER  «  E-9  IS:  8.07 

AVERAGE  TFMPEROIURE:  28.825 

SINK  TEMPER0TURE:  10.199 

3  1.09  19.71  38.98  17.02 

FlUX  POsED  ROYLETGH  NUMBER  «  F  9  IS:  8.18 

OVERAGE  IEMPER01URF:  29.898 

SINK  IEMPEROTURF:  10.193 

8  1.09  18.29  39. OS  18.28 

FlUX  POSED  ROYLE IGH  NUMBER  *  E-9  IS:  8.07 

AVERAGE  TEMPERA  HIRE :  28.880 
SINK  IEMPERAIURE:  in. 193 

5  1.09  20. IS  35.2S  18.88 

FlUX  POSED  ROYLE IGH  MUMPER  «  E-9  IS:  8.17 

AVEROGE  IF  MPEROHIRE  :  90.538 
SINK  IEMPERAIURE:  10.193 

5  1.10  2 0.28  35.88  18.68 

FlUX  ROSED  ROYlf.JCM  NUMBER  «  E  9  IS:  8.19 

AVEROGE  If  MrERO IURE  :  30.829 
SINK  lEMPEROHJRE:  10.193 

7  1.10  17.88  80.29  18.82 

FLUX  POSED  ROYIEJCH  MUMPER  *  E-9  IS:  8. OR 

OVERAGE  TFMPEROIURE:  28.078  t 

SINK  TEMPERATURE:  10.193 

8  1.10  20.13  35. 7S  IS.  73 

FlUX  BASED  ROYLE IGH  NUMBER  *  E-9  IS:  8.18 

AVEROGE  TEMPERATURE :  30.321 

SINK  IEMPERAIURE:  10.193 

9  1.09  19.19  37.83  17.51 

FlUX  POSED  RAYLEIGH  MUMPER  *  L  9  lc:  8.13 

AVERAGE  IEMPERAIURE:  29.382 

SINK  IEMPERAIURE:  10.193 


TABLE  38 


REDUCED  DATA  FOR  INPUT  POWER 
CHAMBER  WIDTH  =  9  mm 


INC  ROW  Em f  DOTH  ARE  TRAM  THE  TILE: 
THE  POWER  SETTING  PF R  CHIP  WHS:  1.5 

THE  DISTANCE  TO  THE  FRONT  WALL  WAS  9 

CHIP  QNET(W)  Tavg-Ts  Nu I 

1  1.4  7  25.9.?  3  7.30 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS 
AVERAGE  TEMPERATURE:  35.108 

SINK  TEMPERATURE:  10.185 

2  1.47  25.87  37.50 

FLUX  BASED  RAYLEIGH  NUMBER  «  E-9  IS 
AVERAGE  TEMPERATURE:  35.053 

SINK  TEMPERATURE:  10.186 

3  1.49  27.17  36.12 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS 
AVERAGE  TEMPERATURE:  37.353 

SINK  TEMPERATURE:  10.186 

4  1.48  25.44  38.39 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS 
AVERAGE  TEMPERATURE:  35.625 

SINK  TEMPERATURE:  10.186 

5  1.49  27.48  35.69 

FlUX  BASED  RAYLEIGH  NUMBER  *  F -9  IS 
AVERAGE  TEMPERATURE:  37.664 

SINK  TEMPERATURE:  10.186 

6  1.49  27.26  36.16 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS 
AVERAGE  TEMPERATURE :  37.450 

SINK  TEMPERATURE:  10.186 

7  1.49  24.25  40.46 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS; 
AVERAGE  TEMPERATURE:  34.440 

SINK  TEMPERATURE:  10.186 

8  1.49  2/.02  36.36 

FLUX  BASED  RAYLEIGH  NUMBER  «  E-9  IS; 
AVERAGE  TEMPERATURE:  37.211 

SINK  TEMPERATURE:  10.186 

9  1.49  25.41  38.61 

FLUX  BASED  RAYLEIGH  NUMBER  *  F-9  IS: 
AVERAGE  TEMPERATURE:  35.532 
SINK  TEMPERATURE :  10.186 


1.5  W 


1 1091225 

I) 

MM 

Mm2 

17.45 
:  5.96 


17.59 

:  6.00 


16.90 

6.13 


17.96 
:  5.99 


16.70 
:  6.15 


16.32 
:  6.17 


18533 

5.95 


7.01 

6.13 


8.07 

6.02 


TABLE  39 


REDUCED  DATA  FOR  INPUT  POWER  2.5  W 
CHAMBER  WIDTH  =  9  mm 


THf:  RAN  Erof  [mi A  ARE  FROM  THE  FILE:  11082020 

THE  POWER  SETTING  PER  CHIP  WAS:  2.5  W 

THE  DISTANCE  TO  THE  FRONT  WALL  WAS  9  MM 

CHIP  QNET(W)  Tava-t*  Nul  Nu2 

1  2  .97  35.92  96.2  7  21.65 

ElUX  BASED  RAYLEIGH  NUMRER  *  E-9  IS:  11.15 

AVERAGE  TEMPERATHRE:  95.692 

SINK  TEMPERATURE:  10.271 

2  2.99  35.23  96. 92  21.90 

Fl.UX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  11.20 

AVERAGE  TEMPERATURE :  95.503 

SINK  TEMPERATURE:  10.271 

3  2.50  37.69  99.23  20.69 

H.UX  BASED  RAYLEIGH  NUMBER  «  E-9  IS:  11.58 

AVERAGE  TEMPERATURE:  97.908 

SINK  TEMPERATURE:  10.271 

9  2.50  39.33  98.22  22.56 

ElUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  11.19 

AVERAGE  TEMPERATURE:  99.605 
SINK  TEMPERATURE:  10.271 

5  2.50  37.68  99.17  20.66 

ElUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  11.58 

AVERAGE  TEMPERATURE:  97.996 

SINK  TEMPERATURE:  10.271 

6  2.52  37.02  95.18  21.19 

ElUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  11.56 

AVERAGE  TEMPERATURE:  97.287 

SINK  TEMPERATURE:  10.271 

T 

7  251  9227  5159  2911 

ElUX  BASED  RAYLEIGH  NUMBER  *  E-9  1ST  '  10.96 
AVERAGE  TEMPERATURE:  92.536 

SINK  TEMPERATURE:  10.271 

8  2. SI  37.08  99.97  21.09 

Pt UX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  11. S3 

AVERAGE  TEMPERATURE:  97.355 
SINK  TEMPERATURE:  10.271 

9  2.51  33.79  99.19  23.01 

ElUX  BASED  RAYLEIGH  NUMBER  *  F-9  IS:  11.12 

AVERAGE  TEMPERATURE:  99.057 

SINK  TEMPERATURE:  10.271 


TABLE  40 


REDUCED  DATA  FOR  INPUT  POWER  3.0  W 
CHAMBER  WIDTH  =  9  mm 


THF.  ROW  Emf  DATA  ARE  FROM  THE  FILE:  1 1072058 

THE  POWER  SETTING  PER  CHIP  WAS:  3.0  W 

THE  DISTANCE  TO  THE  FRONT  WALL  WAS  9  MM 

CHIP  QNET(W)  Tavq-Ts  Nul  Nu2 

1  2.90  44. 40  43.64  20.42 

FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  14.41 

AVFRAGE  TEMPERATURE:  64.762 

SINK  TEMPERATURE:  10.362 

2  2.92  46.34  42.14  19.72 

FI  UX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  14.79 

AVERAGE  TEMPERATURE:  56.697 
SINK  TEMPERATURE:  10.362 

3  2.94  47.28  41.61  19.47 

FlUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  15.04 

AVERAGE  TEMPERATURE:  57.639 

SINK  TEMPERATURE:  10.362 
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FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  14.29 
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SINK  TEMPERATURE:  10.362 
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FLUX  BASED  RAYLEIGH  NUMBER  *  E-9  IS:  15.31 

AVERAGE  TEMPERATURE :  59.183 

SINK  TEMPERATURE:  10.362 

9  2.95  44.89  43.86  20.52 

FlUX  BASED  RAYLETGH  NUMBER  *  E-9  IS:  14.71 

AVERAGE  TEMPERATURE:  55.253 

SINK  TEMPERATURE:  10.362 
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251  N*M+ 1 

250  NEXT  Jr 

25'  T  1  neda Fe2 - T IMEDATE 

263  JOfBlilT  *  *^(54^a  te2-T  ineoa  t® ! 


.  t  (IA 
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Pass'll 

I  *-*-*4-44-4*  **-*44-**-44-4-4-4-* 

1  LOOP  NUMBER  TWO 

|  t-*-44-44-*-*4  *4-»44-»44-*44  >«4*44- 

1  START  SCANN  IMG  CHANNEL  ?l 


OUTPUT  709:  "AF3t  AL31" 
OUTPUT  709: "AS" 

SEEP 

BEEp 

P OR  J j - TO  1  pass 
OUTPUT  722:“ T3" 

ETHER  ♦ i 

T? (Piss ) «VJ ( 1 i 
P  ass  =  r  a ;s  »  : 

TJE T  Ji 

OUTPUT  722: "AC3I " 

Pass'  0 


LOOP  NUMBER  THREE  * 

M4^4-t-M4  ^-rf^*-**-***-*  4-*44.4444 

START  SCANNING  CHANNEL  9 9 


OUTPUT  709: "AF49  0199" 

OUTPUT  709: "AS" 

BEEP 

BEEP 

PEEP 

FOR  ,! )  »0  TO  [pass 
OUTPUT  72?: "TO" 

ENTER  7 2 2 : V 3 <  .) 

TO! Pass  i  =U3 1 1  i 
pas3=Pa?s* i 
NEXT  .Jr 

i 

!  END  LOOPS 

i 

PRINT  USING  "IEX.""f‘!E  TOTAL  tjiie  ELAPSED  ‘  SECONDS  :  : " " ,  EX  .  ( DUD .  DO  > " :  T>if  a  I 


UP DE . .2::  ' :  N 


PRINT 

PRINT  USIN''-  MSx.""THE  'OTAL  NUMBER  OF  S'.  A  NS  :  '"  .2;;.  Nf'Dr . .2?  ' 

PRINT 

••PINT  USING  ' ! c  ;< . "  “  THE  VOLTMETER  READING  :  ’  “  .  '  "'A  .  '  :  V'T 

PRINTER  I 1 
RFRt' 

i 

I  *  -4  .*  4  4  4  *  M-»  »44«  »*44  44-U4444-» 

'  TRANSFER  FIRST  SCAN  DATA 

|  t>4  444.*4  t>.»4  444  4*4  4  4.M  i-M4-M4-M  f 

!  TRANSFER  INC-  THF  SCAM  DATA  from  CHANNEL  ’•  5 
!  TO  THE  FILE.  THIS  FILE  WILL  BE  USED  ,  WITH 
!  THE  PROGRAM  “PLOT".  TO  MAKE  A  PLOT  OF  TEM- 
!  PERATURE  VS  T IME . 

CREATE  6DAT  New*'  i  lei  11.20 
ASSIGN  *F i 1 o  TO  NewtilelS 
OUTPUT  '«F  i  1  p  :  T  1  (  ►  i 
FOR  I  i  »')  TO  loass 

T  M  It  J*.  f  00A6091  +25727 . 9’  T  I  (In  -757UAS .  S*  T I  <  1 1  i  EnAOOCSSb- V  1  t  I  t  i 
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?an  Ht::r  1 1 

\uz  !  TRAI.oFEK  second  scon  data 

44  I  -♦-e-*-*-*-*-*-*-**-*-*-*-*-*-*-*-*--*-* 

345  !  TRANSFER  INC-  DATA  FROM  CHANNEL  31* 

346  ' TO  THE  F  ILE 

34  7  i  **■#•***#■♦< 

J49  CREATE  SDH!  Neuf 1 le25.20 

350  ASSIGN  *F  1  le  TO  Newlt!e2S 

351  OUTPUT  iF  1  1  e  :  T  2 1  •* » 

362  FOR  1 1  =0  TO  Ip-353 


3E.3 

TC  <  It  >-.  !  008609 1  +25727 . 9-*T2 (  I  a  )  - 

767345 

35  A 

;c,c. 

ME ;;  T  I  i 

1 

VC,  ;3 

!  TRANSFER  third  SCAN  oath 

jc  H 

1  .*  .*  .4  4  -*  M4-*4  +  4M4*  +  ‘*-M  »44-»4 

36  D 

1  TRANSFER  IMG  DATA  FROM  CHANNEL 

3’  • 

351 

!  TO  THE  r  ILE . 

35: 

♦  <  *  * 

36  3 

1 

3E-« 

CREATE  SDAT  New  I  1  le.35.2D 

3A  j 

ASSIGN  «F 1 1»  TO  Neuf 1 leJ$ 

J66 

OUTPUT  *F, le: T2( *) 

36  r 

FOR  I  1  »  U  Tfj  T  c-33  ; 

366 

T3(  u  )  =  ,  :  IIHR609  !  ♦25727. -3*  F3(  1 1  )  - 

76/745 

3  6  3 

NEC'  Ii 

3  A 1 1 

3  TOP 

a  1H1 

END 

i(  1 1  )  '  3  *  7 A U  02S  SF  •»  T  3  1  1 1  1  '  I 
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NAME: 


-RQC-ftAM  -lots  the  DATA  AlOUIRED  by 


KIJ 

!  PROGRAM  "FAST SCAN" . 

;o 

! 

3  i.i 

PRINTER  IS  70S 

ii 

BEEP 

1  0  0 

X  ro  1  n  =  0 

1  1U 

Xmax=200 

I  20 

BEEP 

!  ?U 

INPUT  "ENTER  MINIMUM  AND 

MAXIMUM  Y-OHLNES 

1 411' 

BEEP 

*  rr  . : 

(  -  ‘  '0 

•  Kfi 

BEEP 

i  :*l 

f  i  tec  =■ .  J 

"  :3l» 

BEEP 

;  'J  n 

print  "  i m : P 1 :  i f •  ^ omi , 2000 . 3000 . 71010 :  ■ 

.iOU 

PRINT  "SC  0. 100.0. 100:  IL 

2.0:" 

:  i  ii 

if  x  =  !  Tjl]  /  (  XiTta  r'lminl 

220 

Sfy=1UU/(Ymax-Ynin) 

2  30 

PRINT  "P!.|  0,0  PD" 

240 

FOR  Xa=Xmin  TO  Xnax  STEP 

Xstep 

2S0 

'.(=  1  /a  -  Xm  i  n  )  +$  f  x 

2'FO 

PRINT  "PA":x.".0:  xT ; " 

: :  o 

NEXT  Xa 

213ii 

PRINT  "PA  1 1)0 . 0  :P!J  :  “ 

2 '30 

PRINT  "PM  PA  0.0  PD" 

300 

FOR  Y  3  =  Yin  in  TO  Ymax  STEF' 

Y  s  I  a  p 

310 

Y  -  I  Y  3  -  Y  m  1  n  )  ♦  S  f  y 

320 

PRIfJT  "PA  o.":r."YT" 

3  30 

NEXT  Y a 

340 

PRINT  'PA  0 .  TOO  T[  0  7" 

?sn 

FOR  X a  -  X n 1 n  TO  Xmax  STEP 

Xstep 

3RD 

- '  X  a  -  !  m  1  n )  *  S  f  .t 

370 

PRIfJT  "PH":X.".100:  XT" 

730 

NEXT  Xa 

?30 

PRINT  "PA  TOO. TOO  PM  PA 

100.0  PD" 

400 

FOR  Ya'Ynm  TO  Ymax  STEP 

Ys  f  ao 

a  1  0 

Y=(Ya-Ynunl-*Sfy 

470 

PRINT  "PD  pa  ino.".r."YT 

" 

4  1 1 

NEXT  Y  3 

4411 

PRINT  "PR  lOO.'OO  PU” 

44  0 

PRINT  "Pa  0.-2  SR  1  .9.2" 

4hll 

-  UR  Xa=  >'niri  TO  Xnax  STEP 

,( ■=.  fpri 

a  f  n 

X  *  t  X  a  •  X  m  1  r» )  *  S  1  x 

AMD 

PRINT  " DA ' .0:  ” 

4  A '  I 

PRINT  "CP  -2 . - 1 : lB" :Xa : " 

" 

'iOll 

NEXT  X.3 

S  •  0 

PRINT  "P'J  PA  0.0" 

92  0 

FOR  1  a  -  Yn  1  n  TO  fnax  STEP 

Ys  tep 

9  30 

IF  ABS  <  Ya  > / 1 .E-9  THEN  Ya 

=  0 

940 

Y=(Ya-Ynin)'*Sfy 

990 

PRINT  "PA  n.";Y.n" 

^b  H 

PRINT  "CP  -S.  - . 29  :  LB “ : Ya 

.  ..  H 

9  70 

NEXT  Ya 

9030 

BEEP 

9  ?’> 

Hl-0 

bOO 

IF  Id  1  =0  THEN 

Tain,  fma 
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620 

1  i  aba  i  5-  '  T  i  ne  (  ;pr  i 

•» 

630 

BEEC 

K  4  0 

Y  1  abe  1  5  =  11  Tsinipo  r  a  t  u  r 

<=>  ( c  1 

-.50 

P R I N  T  "SR  1 . 5 . 2 ; PU 

p<i  6o 

.  -  ;  1)  ,^P"  ; 

i  t  o  e  i 

s  1 1  z :  ■ 

66  0 

PRINT  "PH  '11  ,60  CP 

o .  - : 

-LENT Y lace  IS) 72 

*6/6; 

"Di"  0 

6  7  0 

END  IF 

600 

PRINT  "CP  0.0" 

630 

BEEP 

700 

INPUT  "ENTER  IHE  NAME  OF 

THE  OH T A  FILE". 

,!)._♦  i 

I 

710 

ASSIGN  '« F  i  Ip  TO  D  f 

i  1  <?3 

720 

BEEP 

7  30 

M.j  =  P 

40 

BEEP 

77  0 

Noa  i  r  9 -A 00 

'6h 

BEED 

7  'it 

PR  HJ  TER  I  .  1 

7  30 

;>  y  n  =  ! 

730 

PRINTS"  IS  705 

i.l  1 1 

PRINT  "PM  III" 

o  i  n 

IF  Sv  n  = 1  THEN  PRIM' 

"Sr . ' 

32  0 

IF  Syn*2  TM£!|  PRINT 

"SM+ " 

0  30 

IF  Svin=3  THEM  PRINT 

"SHo" 

3  4  0 

IF  Hd  1  THEN 

250 

FOR  1=1  TQ  s  Hd -  i  ' 

6  0 

ENTER  *5  i  i  9- ;  ,7a  ,  Ya 

3, '  o 

NE3  T  I 

33  0 

END  Ir 

330 

FOR  2.3  =  0  10  '33  2. T E P  .332 

'  -2-  o  J 

4  0  0 

EMTFR  -5.F  1 1»;  Y .3 

3  i  0 

Ya= .  1  on f) GO  3 1  -‘•2672  7 .  : 

t  * Ya-  7 

6  7  3  4  6 . 3  •* Y  a  2  +  *  1 ,i  0  2  6 

:  b  *■ v  a  ' 

'320 

X  =  '  )!a  -  Xn  :  p  )  *■'>  t 

3  30 

Y  =  '  T  a  -  v  n  i  n  i  -t  6  f  y 

4  4f; 

IF  3vn-4  imEN  PPINT 

"SH" 

360 

IF  5yn-  4  THEN  PRINF 

"SR  ' 

•4.2.J" 

PPINT  "PA"  .);.Y.  "PD¬ 

3  70 

IF  Syn.  4  then  ClRINT 

•i  •“  t 

•  n 

. 2 . 1 .5" 

4p,n 

IF  S v n  =  4  THEN  °RINT 

"uc:. 

4 . 93 . 0 . - R .  -4.0, 

1  '  »  2  « 

a  ,  [ . ,  ;  " 

?30 

IF  5 y n  =  5  THEN  -PINT 

"1,'C3 . 

0.33.-  -6, - 7 .6 

,  ?.  s 

,  .  ■■  k  * 

1  I.l  0  0 

IF  3vm=6  THEN  PRINT 

"Nf  0 . 

5. 3.33. j. -3.  -6. 

' !  ,  . 

.  » 

1  0  !  0 

IF  ‘7  y  rr>  =  ~  THFTI  PRINT 

"UFO. 

-6.3.3°.- 3,3  s . 

0.  -  T- 

.  ,j  .  -i 

1  0  'll 

NE" t  :;.3 

1  0  2 1 

PRINT  '' olJ " 

1  II  ?0 

;  ’inn 

(456  IC-iN  »F  [  !  9  TQ  * 

tij?,!'  END 


T 


",  i  ibe  i  i> 
t  i  a  d  e  i  '£ 
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